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Directions for using the split log drag: 

I k« After each rain drive along each wheel track at least once, with the drag in position to 
throwXthe dirt to the center of the road. Put a cleat ed platform over the connecting bars 
and^ride on the drag, shifting your weight as needed to leave the dirt in the low places. 
Haul at an angle of 45 degrees. Gradually widen the strip dragged as the road improves. 
Read the text on this in the chapter on maintenance. 
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PREFACE. 



The improvement of the rural highways of this state is a 
problem whose proper solution is of the highest importance to 
the people. It is becoming quite generally recognized that road 
building and maintenance are as much special vocations re- 
quiring special training as are any other engineering oc- 
cupations. This volume makes no pretense of being anything 
but the most preliminary statement of problems that eodst 
and no attempt is made to give detailed directions for build- 
ing roads in any particular localities. Such directions must 
be to a large extent valueless because of the infinite variety 
of local conditions with reference to which the materials must 
be treated. Eather the purpose has been to give a few of the 
most fundamental principles and leave the working out of the 
local details to later opportunity or to local road officials. 

The first part is a summary of the principles of making 
roads. In this free use has been made of the publications of 
the highway departments of the various states, and credit is 
given in each case Those which have been especially helpful 
are the reports of the highway commissioners of Maine, New 
Jersey, Ohio, and Iowa. 

The second part is a summary of highway conditions in this 
state, and a digest of the laws of those states having the most 
progressive road legislation. Credit is given in the text or foot- 
notes wherever it is possible to do so. The thesis of Professor 
F. G. Young and Bulletin No. 4 of the Ohio Highway Com- 
mission deserve special mention as sources of information re- 
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garding the laws of the various states. In the most important 
cases, however, the laws themselves were referred to. 

Since I the magnitude of the subject of roads must necessarily 
limit a discussion which attempts to cover a wide range and 
compel it to be incomplete and elementary in its character, it 
is felt that no apologies are necessary for such defects in this 
volume. The logical following up of this subject by any state 
department demands special recognition of the work and spe- 
cial funds appropriated for the purpose. The present volume 
is to be r^arded as simply an initial expression of the impor- 
tance of the subject and of the considerable interest in country 
roads which has recently been awakened. 

The Geological and Natural History Survey is perhaps 
the beet situated at present of any department of the state 
government to take up this matter, as it is directly concerned 
with all road materials and has already published a bulletin 
(Bulletin X. E. E. Buckley, 1903) entitled "Highway Con- 
struction in Wisconsin/' which deals chiefly with pavements. 
The people of the State need for the bettering of the rural 
highways information regarding methods of road construction 
and education in their use, which can best be provided through 
the organization furnished by the Survey. 

In the preparation of this report the assistance and valuable 
suggestions of the Director of the Survey, Dr. E. A. Birge, and 
of President Van Hise, have been of the greatest assistance. 



"It was by the highways that both travelers and goods gen- 
erally pa^ed from place to place. And these highway s appear 
to h€A)e been far worse than vriight have Veen expected from the 
degree of wealth and civilization which the nation had even 
then obtained 

"One chief cause of the badness of the roads seems to have 
been the defective state of the law. Every parish was bovmd 
to repair the highway which passed through it. The peasantry 
were forced to give their gratuitous labor six days in the year. 
If this was not sufficient hired labor was employed, and the 
expense m^t by a parochial rate, that a route connecting two 
great towns, which have a large and thriving trade with each 
other, should be mmntained at the cost of the rural population 
scattered between them is obviously unjust; and this injustice 
was particularly glaring in the case of the great North road 
which traversed very, poor and thinly inhabited districts, and 
joined v:ry rich and populous districts. . . . This grievance 
attracted the attention of Parliament, and an act, the first of 
m^iny turnpike acts, was passed, . . . This innovation, how- 
ever, 'excited many murmurs. A change was at length effected, 
but not without much difficulty. For unjust and absurd taxa- 
tion to which men are accustomed is often borne more willing- 
ly than the most reasonable imposit which is new." 

Macaulay's History of England. — ^Roads in 1685. 
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INTRODUCTION. 



The fundamental purpose of a highway is to provide a ready 
means of intercourse between various points along its length, 
both to permit the people to enjoy social and educational pri- 
vil^es, and to permit the marketing of produce. Conditions 
are gradually becoming such in out state that the use of roads 
for the purpose of hauling heavy loads of produce to market 
is much less than their use for hauling light loads and making 
quick trips for pleasure or business. 

The permanent improvement of a road must be regarded as 
an investment of public funds. On thfe one side of the ac- 
count we find that there is interest to pay on the cost of such 
Si road. There is also the increased cost of maintenance which 
a permanent road requires. To balance this must be set off 
the actual saving in heavy hauling, the interest on the increased 
value of land along the road, and the value to the farmer of 
the increased accessibility of church, school and other social 
and educational advantages. In the form of a ledger account 
it is as follows: 

PEBMANENT BOADS. 

Debtor to Creditor by 

Interest on Investment Saving in heavy Hauling. 

Increased cost of Maintenance Increase in land Values. 

More easy access to market, 
church, school and social ad- 
vantages. 
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It is evident at once from an inspection of this balance that 
as & commercial proposition only the more heavily travelled 
of the roads in the state of Wisconsin will at the present time 
justify permanent improvement by the construction of maca- 
dam. 

The factors on the credit side of this account are very diffi- 
cult to estimate, for instance, the actual saving in heavy haul- 
ing. If the average man is asked how much saving in heavy 
hauling a good road will permit him to make, he will figure 
the number of days time for team and man which could be 
saved and multiply it by the rate of wages per day. If he is 
asked if he would be really willing to pay this, he hesitates be- 
cause he realizes at once that his heavy hauling on the roads 
is a minor part of his time and is frequently done when teams 
would otherwise be idle and himself and men without parti- 
cular employment. The factor of the increased value of land 
should probably in part be included under the value of the in- 
creased accessibility of church, school, and such interests, as 
the increased value is partly due to the greater desirability of 
the location on account of such accessibility. 

From the foregoing statements the value of a permanently 
improved road is seen to depend very largely upon the means 
of ready intercourse which it furnishes at all seasons of the 
year for light traveling, and the consequent enjoyment of the 
advantages of church, schools, etc. Many portions of the 
state are thickly bnough settled to make permanent improve- 
ment of the roads an economic necessity, particularly along the 
more traveled routes, but the majority must continue to be dirt 
roads for a long time. As a consequence, the present problem 
before the people of the rural communities is not so much the 
construction of permanent roads as the construction of earth 
roads in the best possible and cheapest manner. At the pre- 
sent time there is enough money being spent by the rural dis- 
tricts to have the best earth roads it is possible to construct, 
if the money were only wisely expended, and still have a good 
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part of their highway funds to put into building permanent 
roads. 

In the past the 'good roads movement' won for itself con- 
siderahle opposition because it went ahead of conditions and 
advocated the construction of permanent highways without con- 
sidering whether the local situation warranted such expendi- 
tures or not. Owing to this fact it becomes advisable to state 
that it is not the purpose of this little volume to urge the build- 
ing of permanent roads by all rural communities in the state. 
It is urged that they be built where conditions warrant, but 
also urged that they be not huilt where conditions do not war- 
rant. The main idea which it is hoped will be gained from 
its pages is that incomparably better roads than we have can 
be built for money at present being spent, and that it is the 
duty of the state to do all in its power to aid rural districts in 
constructing these better roads that they are already paying 
for. It is not proposed to advocate any scheme for unnecessary 
expensive road building, or anything that will cause an un- 
warranted increase in the taxes which are already regarded as 
too high in many towns. 
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WJ7AT OONBTITUTEB A GOOD ROAD. 



CHAPTER I. 



\VHAT CONSTITUTES A GOOD ROAD. 

In this chapter are presented in a general way the essentials of a good 
road. These essentials are taken up later on in a specific manner, show- 
ing how they may be obtained. 

The definition of a good road is in no essential part differ- 
ent from the definition of any other good structure which a 
man may build. If a man desires to build a home he considers 
first the matter of a good location, next he considers its proper 
construction upon approved plans, and third, he takes up the 
matter of maintaining it in good condition so long as he 
chooses to live there. The same elements may Be taken as the 
foundation for tbe definition of a good road. A good road is 
first, properly located j second, well constructed; and third, 
maintained in good condition. 

Proper Location for a road consists m putting it in such a 
position that people using it can reach their destinations with 
the least time and effort. The general direction of the road 
should therefore be as straight as possible consistent with prop- 
er grades. To secure a good grade will often necessitate bend- 
ing very much from a straight line between the points it is 
desired to connect, but the road should be finally located so 
that when it is completed the length and grade will be balanced 
80 well that a minimum of effort will be required to go from 
one end to the other. The two chief factors of a good location 
are therefore proper grades and proper direction. 
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Proper Construction of & road can be secured only by con- 
sidering the fundamental principles which govern it. The 
first necessity in proper construction is a good foundation. 
This may consist, and practically always does consist, of firm, 
well drained earth. Above this foundation the road must 
have suflScient crown, or roimding up in the middle, to readily 
carry the water off the surface into the side ditches. The sur- 
face should be composed of as impervious material ls can be 
obtained, in order that when given sufficient crown it may 
carry the water off to the sides instead of allowing it to seep 
down into the foimdation. In short, the function of the sur- 
face of the road is primarily that of a roof. Besides the foun- 
dation, crown, and surface of the road there must be also prop- 
er drainage. In most places roads are sufficiently drained by 
proper ditches along the side, but where these are not suffici- 
ent to keep the water out of the road they must be supplement- 
ed by drains laid under the road. These four factors of proper 
construction are considered in detail in chapter III. 

Maintenance is & term which, in its application to dirt 
roads, is understood by comparatively few of those who have 
charge of such highways. This is the common term which, 
on a railway, is used to include all work that is necessary to 
keep the road-bed in first class shape, and is always looked 
after in railroad organization by a department separate from 
the one which does the construction. In relation to country 
roads maintenance may be defined as continuous care which 
does not permit the formation of ruts and pitch holes, or other 
damage to the condition of the road. The one thing which 
Wisconsin roads need most at present is some attempt at mainr 
taining them. 

The maintenance of a road is, as is naturally to be expected, 
much cheaper than its construction in the first instance. At 
present most dirt roads are reconstructed every few years and 
no attempt made to do anything with them between these times 
of reconstruction. The difference in cost is quite fairly re- 
presented by what is at present being paid for earth roads in 



WHAT CONSTITUTES A GOOD ROAD. Q 

this state and the cost of maintainiiig them^ as shown by ex- 
perience in other states. In Wisconsin the people are spiending 
on country roads an average of more than thirty dollars per 
mile every year. Where proper methods of maintenance are 
used, as in parts of some other states, dirt roads are readily 
kept in excellent condition for from three to ten dollars per 
mile per year, depending upon the nature of the road. This 
diflPerence between three-to-ten dollars and thirty dollars is 
approximately representative of the cost of roads according to 
the two systems: — construction with no maintenance averag- 
ing thirty dollars a year for every mile of road, as in this state, 
and whiere maintenance is practiced after the roads are once 
constructed, the cost being from three to ten dollars per year. 
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CHAPTER U. 



LOCATION OF ROADS. 

There are several things which must be considered in the lo- 
cation of a road. The first of these is the length of the road 
necessary to accomplish a given air line distance. In a flat 
prairie country the best location is a straight line between the 
two points it is desired to connect. When it is desired to locate 
a road in hilly country the problem becomes one in which 
many factors are concerned, chief of which are the increased 
cost of construction, steeper grades, and the difficulty of main- 
taining roads where tKcee steep grades exist. 

The problem of the primary location of roads is not an im- 
portaQt one in this state, as roads are to a large extent already 
located. Only in the unsettled northern portions of the state 
are new roads being laid out to any extent. For this reason 
the subject of location becomes rather one of relocation. When 
permanent improvement of a road is contemplated the profitable- 
ness of relocation must be considered. Roads at present are to & 
large extent located on land division lines, chiefly section lines. 
In case a main traveled road goes about two sides of a level 
square section of land it may be econominal to relocate the road 
so that it passes in a diagonal direction through the section. 
A four-rod road on two sides of a section of land occupies 
sixteen acres, while a road four rods wide in a diagonal direc- 
tion through the section occupies approximately eleven acres 
of land. The diagonal road, therefore, wdll result in a saving 
of about five acres. The length of the diagonal road is only 
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bout one and four tenths miles as compared with the length 
f two miles of the road on the two sides of the section. 
7o the saving in land and the saving in distance thus ef- 
ected must bd added the saving of the cost of construct^ 
ng six-tenths of a mile, which is made by relocating the 
oad on the diagonal. If the road were to cost two thous- 
ud dollars a mile this saving would be twelve hundred 
ioUairs. The saving in land would vary from five to one 
lundred and fifty dollars an acre. The final factor, which 
hould usually be the determining one, would be the value to 
he community of the convenience of having a shorter distance 
t) travel, and must depend upon tKe amount of traflSc which 
oes over the road. 

Relocation in rolling or hilly country. In any but flat 
ountry the problem in locating a road becomes more compli- 
ated than the preceding case. In a hilly country the length 
•f the road must be adjusted to four principal considerations ; 
ength, cost of construction, location of suitable bridge sites, 
ind the securing of proper grades. 

In planning ai road the amoimt of earth work required in 
cutting down the hills and filling the depressions should be 
nade to cost a sum proportional to the cost of constructing the 
greater length which would be required to go arounH hills and 
lepressions in order to avoid the necessity of cuts. In many 
owns in th!e state expensive cuts and fills have been made to 
lecure suitable grades along section lines where a new right 
)f way not many rods distant could be bought and a good 
•ound sum paid for it, and then a practically levkjl road con- 
itructed at a total cost less than the sum paid for the present 
;uts and fills. 

In casi^ it is necessary to cross streams suitable bridge sites 
nil often d3termine the proper location of the road, as the lo- 
cation of a bridge a few himdred feet up or down stream from 
my point in a valley may effect a saving of a considerable per- 
centage in the cost of a bridge. If the cost of the bridge can- 
lot be cut down by such a change it might often occur that a 
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site far more suitable could be obtained in which the security 
of the bridge from wash-outs would be much greater. If 
possible the stream course should be straight above the bridge. 
A bridge should not be located on a bend in a stream if it is 
possible to avoid doing so. 

Orades. The grade of a road is commonly expressed in the 
nimiber of feet of rise in one hundred feet oJ horizontal dis- 
tance. A road with one foot of rise in one hundred feet of 
length is said to have a grade of one per cent; a road of two 
feet of rise a grade of two per cent ; a road of ten feet of rise 
in one hundred a grade of ten per cent, and so on. 

"The horizontal pull which a horse can exert depends up- 
on its weight, its form or build, the method of hitching, the 
foothold afforded by the surface, the speed, the length or 
duration of the effort, the rest time between efforts, and the 
tax upon the future efficiency of the horse. The chief of 
these are the weight, the speed, and the length of the effort. 
With reasonably good footing a horse can exert a pull equal 
to one-tenth of his weight at a speed of 2^^ miles an hour 
(3% feet per second) for ten hours per day for six days 
per week and keep in condition. This is a common rate 
of exertion by farm horses in pulling plows, mower^ and 
other i^icultural implements. Most horses can exert a 
tractiv3 power equal to half their weight, at a slow walk 
for about one hundred feet. On the road in emergencies, 
as in starting the load or in overcoming obstacles, a horse 
may be expected to exert a pull equal to half his weight, but 
at this rate ho would develope a day's enei^ in about two 
hours; and consequently if he is expected to work all day, 
he should not be called upon to exert his maximum power 
except for a short time. Similarly, a horse can exert a 
draft equal to one quarter of his weight for a longer time. 
The working tractive power of a horse may be taken as one 
tenth of its weight, with an ordinary maximum of one 
quarter, and in great emergencies a maximum of one half 
its weight ''* 



^Roads and Payementa, Baker, 1903, pp. 31-32. 
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The Missouri Agricultural Experiment Station has made a 
numher of very practical experiments on the amoimt of pull 
exerted in drawing a load of constant weight over various kinds 
and conditions of roads and fields. The following table is a 
portion of that given in their Bulletin No. 52. In the experi- 
m^its they used the same load upon two different sets of 
wheels: — standard size with 44 inch front wheels and 55 inch 
rear wheels, and the low size with 24 inch front wheels and 28 
inch rear wheels. The wheels were of steel construction with six- 
inch tires, and the difference in weight was such that the total 
weight of wagon and load with the high wheels was 3762 
poimds and with the low wheels 3362 pounds. 



Tablb I. 





CONDITIOll OF BOAD. 


NuMBBB OF Pounds Pull. 


Kihd ot Boad. 


High wheels. 


Low wheels. 


OraTdl road 


Level, dry, with one inch of s.ind 
and some loose ff ravel . 

Clean and in fair condition 

Dry and not firm 


158.9 

108.0 
118.1 
189.2 

ISO.O 
218.1 
325.2 
385.7 
475.0 


185.8 


Iffncfidnm strMtr. 


117.4 


Gindfir track 


120.0 


Dirt road 


Frozen solid, 54 inch sticky mnd 
on top. 

Dry and hard, in good condition. 

Dry and firm, level 

Wet and spongy 


2S3 8 


Timothy St blaeffrass sod. 


182 
300.6 
472.6 


Com stabble 


Dry, with small ridges 


415 6 


Plowed ffroand 


Freshly plowed and dry 


628.0 









This table gives the pull necessary to draw the wagon and a 
net load of two thousand pounds over the surfaces named. 
If the pull be taken as one-tenth the weight of the team, ac- 
cording to the above quotation from Baker, to pull the loads 
used in these experiments on gravel roads would require a team 
fireighing 1589 pounds with the standard wheels and 1853 
pounds with low wheels. On macadam the team would only 
need to weight 1080 poimds. On the plowed ground, however, 
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with Btandard wheels it would take a team weighing 4750 
pounds to pull this load with the ordinary effort which should 
be required of a horse. Even supposing the team were to 
exert for a short distanco a pull equal to one quarter of iti 
weight, it would neod to weigh 1900 pounds. 

The results in the above table were obtained from expm- 
monts conducted on level ground. If it were desired to pull 
the^e loads up grade the pull would, of course, be much great- 
er. According to Baker, if a horse can pull 1000 pounds on 
a muddy level road, it can pull 

2000 pounds in spongy earth roads, 

3000 pounds on best earth roads, 

6000 pounds on macadam roads, 

10,000 pounds on asphalt, 

20,000 pounds on iron rails. 
Table II, which is arranged from Baker, gives the percent- 
age of the load for level ground which a horse can pull up 
grades of different degrees of steepness. 



Table II. 
Load which a horse can draw on a grade in terms of percentage 
of the load on the level, when exerting a uniform force 
equal to one-tenth of its weight. 



Rat«of 


Iron rails. 


Sheet 
asi)halt. 


Broken 
Btone. 




Earth Road 




grade, 
por cent. 


Best. 


Spon<ry. 


Muddy. 




Per cent. 


Per oont. 


Per cent. 


Per cent. 


Per eent. 


Pep cent 





100 


100 


100 


100 


100 


100 




SO 


45 


56 


62 


75 


01 




16 


n 


36 


60 


67 


67 




10 


18 


25 


87 


44 


54 




7 


12 


17 


27 


9S 


48 




4 




12 


20 


K 


88 




8 




8 


14 


18 


25 




2 




6 


10 


12 


18 




1 




4 


6 


8 


It 




1 




2 


S 


4 


6 


10 


















1 1 










A very important fact appears in this table. That is, the 
smoother and harder a road is the more gentle the grades must 
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be. For instance, on a muddy earth road of one petrcent grade 
ahorse can draw 91% of what he could draw on a level road 
of the same kind. On the best earth road he could draw 629^. 
and on macadam only 66%. This is due to the fact that the 
greatest part of the effort in drawing a load over a muddy road 
is consumed in squeezing the mud out from under the wheels 
in order to stecure a solid bottom for the wheel to roll upon. 
The resistance which a load offers to being drawn is divided 
into (1) rolling resistance, which is that just mentioned, 
and is due to the sinking of the wheel in the surface of the 
road, causing the load to be continually drawn up an incline, 
as it were; (2) axle friction; (3) resistance of the air. It 
is evident from this that axle friction and resistance of the air 
are but a very small part of the resistance to overcome on a 
muddy road, and the rolling resistance is nearly all of it. 
Consequently the added draft in pulling a load up a slight in- 
cline on a muddy road is not so great in proportion to the draft 
on a level stretch as it is on a hard surfaced road. On a ma- 
cadam surface the roUing resistance is decreased very decidedly 
and the other factors make up a proportionately larger amount. 

A road is only as good as its poorest part If a team 
is able to haul three tons on the level part of the road 
and only one ton up a certain grade at the end, their load is 
limited to one ton. Consequently, as far as heavy hauling is 
concerned, the expense necessary to put the level part in shape 
so that more than three tons could be hauled is of no use until 
the hill is put in shape so that the three tons can be hauled over 
that also. It is poor economy, therefore, to build a level por- 
tion of a road in good shape without making the grade such 
that the load hauled on the level can be pulled up the hills 
with the extra effort which a team is capable of exerting for 
a short space of time. 

It appears from the foregoing that the maximum grade that 
should be permitted in the location of a road must depend upon 
the nature of the surface the road is to have. The maximum 
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grades established in different countries and states are of inter- 
est in this connection: — 

"In France the standard is; on national roads, not ex- 
ceeding 3 per cent; department roads, not exceeding 4 per 
cent; and subordinate roads, not exceeding 6 per cent. On 
the great Alpine road over the Simplon Pass, built under 
the direction of Napoleon Bonaparte, the grades average 1 
in 22 (41/2%) on the Italian side, and 1 in 17 (5.9%) on 
the Swiss side, aud in only one case become as steep as 1 in 
13 (7.7%). 

"In great Britain, the celebrated Holyhead Road, built by 
Telford through the very moimtainous district of North 
Wi^les, has an ordinary maximum of 1 in 30 (3-1-3%), 
with one piece of 1 in 22 (4^/^%) and a very short piece of 
1 in 17 (5.9%), on both of which pieces special care was 
taken to make the surface harder and smoother than on the 
remainder of the road.^^^ 
New York maximum grade is 5 or 6%. 
New Jersey maximum grade is 6%. 
Michigan maximum grade is 6%. 

On steep grades the velocity and consequent cutting power 
of the water which must be taken care of in storms is greatly 
increased. For this reason, also, grades must be kept as low 
as gossible. The maintenance of roads becomes too expen- 
sive to be practicable after a certain limit is reached. 

"In such a climate as that of Ohio and with material of 
the character of that of the limestone occurring in Ohio, the 
limit of grade on which a fair macadam surface may be 
maintained is about eight and three-fourths per cent, or in 
other words five degrees. In approaching this limit the cost 
of maintenance increases very rapidly, and above that limit 
a fair macadam surface of limestone cannot be maintained 
at a reasonable cost. The washing of violent rains, the ac- 
tion of horses' hoofs in drawing up hill, and the effect of 



1 Baker, page 62. 
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locked wheels on a down grade disturb the boaid of the sur- 
face. Anyone c&n see the loosening of the constituent parts 
of the surface on heavier grades, as evidenced by the loose 
and rounded stones occurring on the heavier grades of any 
well constructed road." ^ 

From what has preceded in this chapter it will readily ap- 
pear that the proper location or relocation of a road is a prob- 
lem in which a careful account of many factors must be taken. 
WTien such a thing is contemplated the services of the most 
practical highway engineer obtainable should bo secured with- 
out fail. In many states whene they have such an oflBcer this 
matter is considered of such vital importance that all locations 
must by law be made according to directions of the state en 
gineer in charge of highways, and only after careful surveys 
have been made. 



1 State of Ohio, Highway Deparment, BuUetln No. 2, p. 4. 
2 
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CHAPTER III. 



METHODS OF CONSTRUCTION AS APPLIED TO 
DIFFERENT KINDS OF SOILS. 

Any r«:)ad may be regarded as composed of two principal 
I)arts, tlio foundation and the surface. Either of these parta 
may be composed of several members according to the design 
of the road which is iK^ing constructed. The bottom foundation 
of all roads must l>e of earth or of bed rock, providing that is 
close enough to the surface. The fundamental principle of 
^Macadam was that any ordinary soil if proi^rly compacted 
and drained would sustain any amount of traffic put upon it, 
and he laid great emphasis, therefore, upon proper drainage. 
The metho<ls of construction applied to roads built of various 
kinds of materials are dependent almost entirely upon the 
nec(»ssity for securing the right kind of drainage for the mater 
ial used. Most of the dirt roads in Wisconsin are sufficiently 
well drained by ordinary side ditches, if these are kept clean 
so as to offer free passage for the water. In many cases, how- 
ever, particularly in clay country where springs abound, and 
often where bed rock is near the surface, it is necessary to use 
underground drains in order to keep the foundation of the road 
sufficiently dry. It is impossible with any sort of a road cov- 
ering, unless it is built strong enough to act as a bridge, to 
keep a proper surface over wet ground. The importance of 
this matter of drainage camiot bo over-emjihasized. Water 
must he Tcept out of the foundation of the road or no good sur- 
face of any kind will be possible. 
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Fig. 1. Sand road showing effect.of removal of trees and brush and consequent dryinc 
out of the road. 




Fic- 2. Sand road freshly covered xrith straw 
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FOUNDATION MATERIALS. 

The common road materials in use in Wisconsin may for 
the purpose of this discussion be conveniently divided into 
fotmdation materials and surface materials. In discussing 
the fomidation it is sufficiently accurate to divide soils into 
sand, loam and clay, which materials need no definition for 
the purpose of this discussion. The surface maleriah are 
these common soils, with shale, gravel, crushed stone and a 
few miscellaneous materials used in particular localities such 
as shells, slag, cinders, etc. Of these materials shale may pos- 
sibly require definition. In common usage, Wisconsin shales 
are the clayey layers which are found in practically all of the 
great sand-stone areas in the south central and western parts 
of the state. These materials are here considered as founda- 
tion material and later as surfacing material, on pages 2o to 
32. 

Sand. Sand is the best foundation material for a road be- 
cause of its porous nature and easy drainage, but it is not good 
for both surface and foimdation. In districts where the soil 
is very sandy the only way to secure a really passable road is 
to cover the sand with some other material, such as clay or 
shale for an earth road, and gravel or crushed stone for a per- 
manent road. But this is impossible to accomplish at once in 
any town possessing many miles of sandy road, and as a con- 
sequence the sand roads must bb treated in the best manner 
possible to keep them hard. Since sand is always harder 
when it is damp, sand roads should be so constructed as to pre- 
vent their rapid drainage, and if possible to keep them moist 
all the time. For this purpose the growth of bushes, grass 
and trees close to the roadway should be encouraged wherever 
possible. The grading, if any at all is necessary, should be 
just barely sufficient to prevent puddles forming. On plate 
II figure 1, a photograph of a sandy road in Trempealeau 
County is shown. In the foregroimd is a wide expanse of barren 
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sand, which shows very well the ahnoet bottomless nature 
of this road in dry weather. In the middle distance at 
the right side of the picture where the weeds and grass have 
grown closer to the road it is much less cut up than the more 
traveled track in the center which is not in any way protected 
by the grass. 

In many parts of the state a temporary makeshift is em- 
ployed which gives quite good satisfaction. This is to cover 
the road with straw, marsh hay, sawdust, or some such ma- 
terial. The photographs shown in plate II figure 2, and plate 
III figure 1, give a fairly good idea of the appearance of roads 
that have been thus treated. 

Clay. In building a road of clay an entirely different method 
must be used from that necessary in sandy country ; one mi^t 
almost say a method which is just the reverse of that used in 
sandy country. The one desirable thing for a clay road is to 
get the water off, and. to get it off ss quickly and as completely 
as possible. For this purpose the road must be given a high 
crown in the middle and provided with deep wide ditches at 
the side. The trees, brush and grass should be kept well cut 
away from the sides in order to permit the surface to dry up 
as quickly as possible after a rain. It may be mentioned here 
that this clearing away of the brush and weeds is advantageous 
also in preventing the accumulation of snow drifts on the road 
in the winter time. The best thing possible for all clay roads 
would be a liberal use of the split log drag, shown in the front- 
piece and described on pages 43 to 45. 

Cross-sections of the proper forms of grade for clay and 
loam roads are shown in figures 1 and 2, plate IV. As com- 
monly constructed with the road machine, roads in clay coun- 
try are left in the form shown in figures 3 and 4. Grass and 
weeds readily start to grow along the side of the wheel tracks, 
which are soon deepened by the travel. The grass catches and 
holds the dust and mud, soon forming wiik the sides of the rut 
an effectual dam which prevents the water reac^ng the side 
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Fig. 1. Saody road in Trempealeau county. This road was covered with straw 
about a year before the photograph was taken. 




Fig. 2. CruBhed stone road which has been compacted by the travel. NoIvqa X.^^ 
looee character of the stones outside the beaten track. 
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Fig. 1. Proper form of croM section for a nMul in loamy soil. 




Fig.[2."r Proper form of crot»s section for a road in clay soil. 



Incor rtt.et 



Correct 




Fig. 3. Second ditch and false shoulder as often left in regrading. Correct form 
shown at the right. 



Nm^iy bujit^t:^ 




w^mm?K^ 



Ditch tin»t/ off^r 
firot feyvroina 



Fig. 4. Ditches as commonly left by grader (blade at A). Proper form and last cut 
shown by position of blade at B. 



Fig. 5. Neglected road. Dotted line shows original fornu 




^ fei?t5|?sa>/^v^^^^^^^ 




Fig. 6. Flat-topped road. A very poor form which is occasionally seen. 




Fig. 7. Cross section of a road with side slopes into the ditches too steep. When 
a*wagon is on one side, as at A. the weight is too much on one wheel and this wheel is sure 
to make a rut. 



•- Tfav^i -t- A/to //-^ywte/ \- T>0¥m/ H 




Pig. 8. Road graded too wide and flat. Proper form shown by dotted line. 
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of the road. The ruts thus become nothing more than water 
channels or puddles which hold the water and soften the 
ground up so that the wheels readily cut deeper. The side 
ditches are quickly filled by the giving in of the steep sides 
left by the road machine, and the whole form of the road be- 
comes that shown in figure 5. A roimd or two with the road 
machine to turn back this steep wall of the ditch toward the 
side of the road, giving it a gentle slope, is all that is necessary 
to keep the ditch well formed, as shown in figure 1. If, after 
forming the road as in figure 4, where the last position of the 
blade of the grader is shown at A, a steeper cut is made with 
the blade at B, two good results will be attained ; the best dirt 
thrown up on the surface where it should be, and a good ditch 
made. 

A less common form of cross section given to the roads is 
that shown in figure 6. By this method the road is given a flat 
top with deep, steep walled ditches at each side of the roadway. 
This flat top is soon cut up by the travel and hollowed out so 
that it simply serves as a third ditch along which the water 
runs just as readily as it does along the side ditches, and the 
road is cut up almost as easily as though no attempt had been 
made to drain it. Figures 7 and 8 show other forms of cross 
section which are poorly made. 

In most districts ditches such are shown in figures 1 and 2 
are sufficient to keep the foimdation of the road properly dried 
outj^ but in many cases under-drains are necessary. These 
under-drains should be laid with relation to the surface. If 
the road is along a hillside and is kept damp by seepage from 
above the road a single drain along the damp place on the up- 
hill side of the road will often be sufficient to keep the road 
firm and solid. In rare cases it may be necessary to use a line 
of drain pipe at each side of the roadway where the soil is very 
damp and spongy. The figures on plate V show the positions of 
tiling for various conditions and the way the drains carry the 
water out of the soil. The following extract is taken from a 
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bulletin of the Wisconsin Agricultural ExperiniMt Station 
written by Professor King.* 

Depth of under drainage. **Wliere under drainage is 
needed the drain should not be less than three to four feet 
deep, and this is especially true if heavy traffic is to be main- 
tained over it. 

Ko one thinks of walking on the yielding surface of the 
water of a lake or stream, but let it be covered with a suffici- 
ently thick layer of ice and it then makes the beet kind of a 
roadbed. The drained ground beneath the road surface must 
be suffici^itly thick to float on the soft soil beneath any 
load which may be driven along it, just as the ice floats its 
burden." 

Fall of the drain. "The fall of the drain will usually 
conform somewhat nearly to the grade of the readbed, but 
should not be less than two inches in 100 f eet^ if this can be 
secured. It will, however, be necessary sometimes to lay 
the drain on a slope less than this, even as low as i^ "^^h in 
100 feet. In all cases care should be exercised to lay the 
tile on a trade, not allowing them to drc^ anywhere below 
or rise above a rigidly maintained grade line. If they are 
not laid in this manner water will stand in the sags aftid be- 
hind the bends, and in these places the tile may become filled 
with silt" {See figure 5, plate V), 

Ouilet of the drain. "The drain should he turned out to 
the side of the road whenever there is an opportunity for 
doing so, that is, whenever there is a natural line of drainage 
leading across the road which will answer for the purpose. 
The free end of the drain is best made of one length of cast 
iron sewer pipe eight feet long, because this will not be in- 
jured by freezing nor easily broken. There should be a 
free fall at the end of the tile and it is better that the open- 
ing should be protected by some sort of metal grating or 
screen to prevent animals from nmning in in dry times.*' 



*University of Wisconsin Agricultural ExpeHmenlt Statioa. Bulle- 
tin No. 79, pages 19-21. 
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Size of tile. "Tile three inches in diameter is the best 
to use for the reason that, in case the grade is very small, 
slight errors in laying the line caimot carry the entire open- 
ing of the tile above or bi^w the grade line and hence per- 
mit the drain to be entirely closed by siW 

Kind of tile. *^Where the tile can be laid two feet or 
more below the surface of the road ordinary drain tile which 
are well burned, straight, smooth inside and having the ends 
cut squarely off so that they may fit closely together are best. 
Great care should be taken in placing the tile to turn them 
until the ends fit very closely all the way aroimd, and then 
to fix them rigidly there. This care is needed in order to 
prevent silt from being washed in at the joints. 

Where the tile must come less than two feet below the sur- 
face it will be safe either to use the vitrified drain tile or 
else second quality sewer tile jiot likely to be disintegrated 
by frost" 

Loam. Loamy soils are intermediate in character between 
sand and clay, and may be passed over with a bare mention. 
As a Tule loamy soil must be treated more nearly like clay soil 
than like sand. The proper cross section for a road in loamy 
soil is shown in figure 1, Plate IV. 

Swamp Soils. It is difficult to build a satisfactory road from 
the muck and peat which are the soUs found in the numerous 
swamps of Wisconsin. The only way to secure a passable 
road is, as in the case of sand, to cover the Toad with some 
other material. If it can be properly drained, clay, gravel or 
crushed rock may be used to form a very satisfactory surface. 
Otherwise, corduroy must be used. 

t8UBFACE MATERLA.L8. 

The materials used for road surfaces in country districts arc 
the common soils, sand, loam and clay, with shale, gravel and 
crushed rock. 

Sand. As a surface material sand is of value as a thin cov- 
ering for clay roads. The sand mixes quite thoroughly with 
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the clay and prevents the absorption of as much water as clay 
alone will absorb, thus serving to turn more of the storm water 
into the ditches and prevent its seeping through the road sur- 
face. Clay is composed of very fine grains which, when mLxed 
with sand in proper proportions, fill up the tiny spaces existing 
between the sand grains. Clay will sometimes absorb as much 
as 60% of its volume of water; sand will absorb from 25% to 
40%. A proper mixture of the two, however, will not absorb 
nearly as much as the sand alone. A clay road treated in this 
manner is harder and less dusty than one without sand. 

Clay and Shale. These two materials are only different in 
that shale, as conmionly used on the roads, is nothing more 
than clay mixed with a little sandstone. For the same reason 
that sand is a valuable material to put on clay roads, clay or 
shale is valuable to put on sand roads. Clay on sand roads is 
also beneficial in that it makes a firmer surface for the road 
when it is dry than sand does. 

The proper thickness to which clay or shale should be put 
on a sand road in order to give good results must depend to 
a large extent on local conditions. In some cases three inches 
of firmly packed clay or shale on sand will wear for a long 
time, but if there comes any lengthy period of damp weather 
the wheels are almost certain to cut through into the sand and 
ruin the usefulness of the clay as a covering. The best results 
are usually given by covering the sand with about six inches of 
clay and then putting an inch or two of sand over this. This 
thin covering of sand aids in turning the water off the roads 
into the ditches in just the same way as it does on a road made 
entirely of clay, and serves to prevent the softening and conse- 
quent cutting up of the road by the wheels of the wagons pas- 
sing over it. 

Gravel. The gravels of Wisconsin may be conveniently di- 
vieded into two classes, river gravel and pit gravel. The river 
gravels, as a rule, lack a proper amount of clay necessary to 
fill the spaces between the pebbles and form with them a com- 
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pact, impervious surface capable of shedding water. The peb- 
bles have been rolled and washed by the stream until all the 
finer material has been carried away. If stream gravel is all 
that is available a proper amount of clay must be mixed with 
it to make it pack well in the road. If it can be obtained, low 
grade iron ore makes a much better cementing material than 
clay for mixing with gravel. 

The pit gravels are mixed with sand, or clay, or both.. They 
are usually, also, more angular than the roimded stream gravels 
and so wedge together better in the road under the roller and 
the wagon wheels and make a more solid surface. Care should 
be taken to pick out all large stones at the pit, to see that all 
sand pockets are rejected, and to be sure that the gravel con- 
tains the proper amount of clay for binding material. If there 
is too much clay the road will soften in wet weather, and if too 
little the road will "ravel," i. a, the pebbles will be kicked out 
of the surface by the horses on account of the lack of sufficient 
binding material to fill the spaces between the pebbles and hold 
them tightly. The road will thus be reduced to a useless mass 
of pebbles. The amoimt of binding material necessary will 
vary. If the pebbles are all about the same size 25% of the 
mass should be binding material, but as the pebbles are almost 
always of assorted sizes, and the smaller help fill the spaces be- 
tween the larger, an ordinary gravel should not have more than 
about 15% of clay and sand. If more than this is present it 
should be removed by screening. Oftentimes by testing dif 
ferent parts of a pit, gravel of the proper composition can be 
found, and screening made unnecessary. If gravel is compact 
enough to stand in straight walls in the pit and requires loosen- 
ing with a pick it is usually all right. 

Crushed Rock. In the larger part of Wisconsin there is 
plenty of rock available for crushing. There is limestone in 
plenty in the eastern and southern parts, granite in the central 
and northern parts and hardheads over almost the whole state. 

The relative values of different kinds of rock for road metal 
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should be used there when they are strong enough to bear the 
weight put upon them. 

The usual sizes to which crushed stone is separated are 2i/^ 
inch, 1 inch, and l/^ inch, or screenings. K soft limestone is 
used the 1 inch pieces should go on the bottom and the 214 
inch pieces should be used for the surface ; if hard rock, either 
granite or trap or hard limestone, is used the one inch pieces 
should go on the top. In both cases the screenings are spread 
over the top in a thin layer to fill the spaces between the larger 
stones. 

BUILDING GRAVEL AND CBUSHED STONE KOADS. 

In making & gravel or crushed stone road the fimdamental 
parts of a road must not be forgotten — the foundation and the 
surface. Care must be taken to see that the foimdation is solid 
and well drained, and the surface must be well compacted so 
that it will act as a roof. It is a waste of good money to at- 
tempt to make a solid surface over a damp place in the road 
by dumping gravel or crushed rock on it, as it quickly pounds 
into the mud which is very shortly ready to swallow up more. 
The methods of applying gravel or crushed stone to secure this 
good roof are essentially the same and are therefore described 
together. 

Both gravel and crushed stone may be spread upon a well 
drained, well crowned earth road without any further prepara- 
tion and in time will be beaten down by the traffic into a fairly 
good surface. This packing process is hard on teams and 
vehicles, however, as well as wasteful of the material, which is 
kicked to one side by the horses. It is more economical in the 
long run to exercise a little more care and spend a little more 
money in the preparation. 

After the roadbed is properly drained and graded a trench 
should be prepared as deep and wide as the surface material is 
to bo applied. The material from the trench should be placed 
nlong the side to form straight vertical shoulders, as shown in 
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figure 1, plate VI. The bottom of this trench should be thor- 
oughly rolled in order to be sure the dirt is well packed and 
will not settle after the gravel or crushed stone is put on. The 
roadbed is then ready for the surface material. 

The gravel or crushed stone is usuall;;^ hauled on an ordinary 
wagon provided with dump boards and dumped in heaps. 
On a country road where the width surfaced is comparatively 
narrow the loads are dumped into a continuous ridge and for 
the most part spread with shovels when spread at all. This 
can often be done more quickly and cheaply by running a road 
machine over it, using shovel work only to trim up the surface 
after the machine has done what it can. The materials are 
also applied in automatic spreader wagons, of which there are 
various types. These wagons leave an even layer of rock of 
any desired thickness. 

After the layer of rock or gravel is spread evenly it is ready 
to roll. It is best to attempt to roll only a thin layer — 3 to 5 
inches — at one time, as it is impossible to thoroughly compact 
a thick layer with any ordinary roller. If the layer is too 
thick only the top will be compacted, and when the road gets 
older it will settle more or less unevenly. The rock should be 
properly wet during the rolling in order to get the best results. 
This wetting prevents crushing and grinding the rock by the 
roller, and washes the screenings into the open spaces between 
the larger stones so as to make a solid mass. 

When the first layer is rolled down solid the second layer 
can be dumped upon it, spread as before, and rolled. If the 
material is crushed rock, after the surface layer is packed a 
half inch or so of screenings should be spread and rolled, so as 
to pack the small pieces into the openings between the larger 
stones. 

If no roller is available and it is necessary to depend on the 
travel to pack the surface, the material should be spread in 
layers as stated above and sufficient time allowed for each 
layer to be thoroughly compacted before the next is added. 
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The people should be compelled to drive over all the surface 
and not allowed to travel in a single track. This can be done 
by placing obstructions, such as logs or boulders, in suitable 
positions to enforce their taking a new track after one is beaten 
down. These obstructions should be moved as often as neces- 
sary in order to compel the teams to pack the whole width of 
the roadbed. After one layer is beaten down in this way the 
second can be added and packed in the same manner. A road 
built without the use of a roller is shown in fig. 2, plate III. 

After rolling the road should present a crowned surface, as 
shown in figure 2, plate VI, somewhat more flat than for an 
earth road, in the slightly arched center of which ia a strip of 
well compacted crushed rock or gravel. On each side of the 
crown should be good slopes into the ditches, and good clean 
ditches to quickly carry the water away. Under this crown 
should be a thickness of eartiii which is well protected from 
moisture, so that it will always be firm. It should be protected 
from moisture from below — if there isi any likelihood of water 
reaching it from that direction — ^by drain tile laid deep enough 
to be effective; and from moisture from above by a hard com- 
pact surface of gravel or macadam. A good gravel road such 
as is common in the eastern part of the state is shown in figure 
1, plate XVI. 

Cost of Oravel and Macadam. The cost of these roads de- 
pends upon the price of labor and material, and the distance 
the material must be hauled. From the replies to the list of 
questions sent to town clerks, table XVI on page 79 is made 
showing the average cost of gravel and macadam roads by coun- 
ties from which reports came. In many of these cases excessive 
prices are paid for the gravel. Some owners of gravel pits are re- 
ported to be charging 20 cents and even 25 cents per load. 
Considering the small loads that most farm wagons are equip- 
ped to carry in working road tax, it is not to be wondered at 
that gravel roads are reported costing as high as ten dollars 
per rod. With gravel costing 30 cents to 85 cents per cubic 
yard delivered on the road which is being constructed the cost 
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of a well constructed gravel road should be about $300 to 
$350 per mile, aside from the grading. This is evident from 
the nimiber of yards necessary for a 6' road 6" thick, as given 
in the following table taken from the 1902 report of the New 
Jersey Highway Commission. 



Table IV. 

Table IV. — Showing namber of cubic yards of gravel required in the construction 
of one mile of gravel road, of widths varying from 6 feet to 20 feet, and depth 
from 6 to 12 Inches. Theae within quantiiiea should he multipKed by 1\^ to 
give the number of cubic yards of loose gravel required to make the within 
depths of compact gravel. 



Feet 


£oad 


Road 


Road 


Road 


Road 


Road 


Road 


einehes 


7 inches 


8 Inches 


9 inches 


10 inches 


11 inches 


12 inches 


wide. 


deep. 


deep. 


deep. 


deep. 


deep. 


deep. 


deep. 




Cable yds. 


Cable yds. 


Cable yds. 


Cable yds. 


Cable yds. 


Cable yd^. 


Cubic yds. 


6 


586 


684 


782 


880 


on 


1,075 


1,173 


7 


m 


798 


918 


1.028 


1,140 


1,254 


1,868 


8 


782 


912 


1.042 


1.178 


1,803 


1,434 


1,564 


• 


880 


1,026 


1.173 


1.S20 


1.466 


1,613 


1,760 


10 


977 


1,140 


1,308 


1.466 


1.629 


1,792 


1,955 


U 


1,078 


1.254 


1.434 


1.629 


1.792 


1,971 


2,151 


11 


1.173 


1.388 


1.564 


1,792 


1,965 


2,151 

1 - 


2,364 



Since the cost of roads depends mainly upon the local price 
for material, it is impossible to give a general statement that 
could be applied to any locality. A fair price for crushed 
stone at the quarry is from 60 to 90 cents per cubic yard for 
limestone. The city of Madison owns its quarry and makes its 
own crushed rock at a cost of 60 cents per yard. The rock 
used is a medium hard limestone. For rocks that are harder 
and more diflScult to crush, such as granite and trap, a con- 
siderably higher price must be paid. As such rocks are not so 
widely distributed as limestone the freight rates will be greater 
in the average. To such a price, which should include 
loading on cars at quarry, must be added freight and imloading 
charges and cost of hauling. In a favorable location a mile 
of limestone macadam 6 feet wide and 6 inches thick can be 
built for $800. Twelve hundred dollars is probably nearer the 
average cost of such roads in country districts, however. 
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MISCELLANEOUS BOAD COVEBIIfGS. 

Experiments have been tried in several states with tar as a 
road material. It has been very successful when used on a 
clean crushed rock surface. Its use on country roads is still 
rather too experimental in nature to warrant any extended de- 
scription and the interested reader is referred to Circular Jfo. 
47 of the ©flSce of Public Roads Inquiry, U. S. Department 
of Agriculture at Washington. It is suggested that tar may 
be a valuable material to use in some districts where the roads 
are very sandy and clay is not to be obtained within an eco- 
nomical hauling distance. If any one desires to try it in this 
state the writer will be glad to assist in every way possible, and 
would like to hear of any such experiments that are being made 
or have been made in the past. 

Corduroy. In the swamp lands of the state there are many 
soft springy places which cannot be avoided in laying out a 
road. These have usually been crossed by the use of corduroy, 
and it would be hard to devise a better method which would bo 
cheap enough to be useful. A few suggestions in r^^d to its 
construction may be of assistance, however. The logs used 
should not be large. If they are, too much timber is required. 
Three to five inch poles are usually just as serviceable as larger 
ones. These should be laid on stringers placed lengthwise of 
the road. The stringers serve to keep them even, as one log 
cannot sink below its neighbors without depressing the stringer, 
in which case all the logs will sink to the same depth. If pos- 
sible the logs should be laid so that they will be under water 
all the time. It is a well known fact that logs in the bottom 
of a marsh are preserved perfectly for hundreds and probably 
thousands of years. The wood will not decay nearly so readily 
as when exposed so that the air gets at it. If the logs cannot 
be laid low enough so as to keep them under water, they should 
at least be hurried completely, ends and all, by a covering of 
dirt preferably sand. This serves to keep out the air and 
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much better than to leave part of the logs exposed according to 
the usual custom. 

Other Surface Materials. There are many materials which 
are suitable for a road surface which are obtainable only in 
particular localities. These are applied in much the same way 
as gravel or crushed stone, but ordinarily do not give as good 
results. Such materials are slag, cinders, shells and mine 
tailings. Cinders are usually too soft and too dusty for use 
on an ordinary road which has any considerable amount of 
travel. Mine tailings are usually very fine and are objection- 
able on account of the dust they make, but their cheapness 
makes them valuable in the mining districts. Aside '<from 
these, low grade iron ore makes a most excellent covering, be- 
ing much the same as clay in its behavior. There are iron 
ore deposits in many parts of the state which are too low grade 
to use for smelting which would make excellent roads if used 
for this purpose. 
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CHAPTER IV. 



ROAD MACHINERY. 



Graders. In the use of road machines the importance of ' 
having men to run them who are thoroughly familiar with f 
their use, and know the form in which the surface of the grade | 
should be left, cannot be emphasized too strongly. The custom, 
altogether too common, of having three teams with a driver for 
each one, and two men to control the blade is about as wasteful 
as could be devised. Each driver is afraid his team will pull 
more than its proper share and the result is that the six horses 
do not accomplish the work that four should do. If & trac- | 
tion engine could be rented to pull the grader the cost of the ! 
work would usually be very decidedly decreased. j 

The longer a man handles a road machine the more profi- i 
cient he becomes and the more valuable his services. The 
same rule is applicable to teams. Where teams are continu- I 
ally being changed and new ones imfamiliar with the work j 
take the place of those that drop out on account of having fin- ' 
ished working their tax, no team has a chance to become thor- 
oughly familiar with the work and either accomplishes only a 
small part of what it should or is worried and "fretted out of i 
all proportion to the work accomplished. 

"The common custom of grading only the width of the 
traveled track and leaving a shoulder of earth on the outside 
which prevents the water from leaving the roadway (See 
fig. 3 plate IV), or of working this shoulder of sod and weeds 
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up into the road to be turned into soft mud under the influ- 
ence of rain and travel, cannot be too strongly condemned, 
and any foreman or road overseer who persists in such prac 
tice should be kept entirely away from repair work. The 
grader should be run the full width of the roadway so as 
to provide a continuous slope from the middle of the road 
to the ditch on the side, and if this shoulder of earth has 
been scraped into the ditches by being thrown outward it 
must be hauled away and the ditches properly cleaned. 
* * * It is much better and more economical to main- 
tain one experienced crew in a township than half a dozen 
crews made up of men and teams picked up at random to 
work out the statute labor tax. One season's work with the 
same force under competent direction will convince any 
thoughtful supervisor of the wisdom of keeping up one r^- 
ular repair crew under the control of a competent road 
builder." * 

The only time a road machine should be used is in the spring 
or summer. If , as in many towns, the road is tumpiked in 
the fall, the dirt does not have time to pack down before it 
freezes. As a consequence it is porous and full of water and 
when the frost comes out in the spring the newly made road 
becomes a sea of mud which is speedily tramped out to the 
sides. The grading is then ready to be done over again. One 
thing that should be carefully guarded against is the formation 
of secondary ditches as shown in figure 3 plate IV. The 
right side of the figure shows the proper way to leave the grade 
and the left shows the way many roads are left. 

The prices on road machines arq widely different. The 
Highway Commissioner of Maine gives the following table of 
prices paid by the towns in his state for different makes of ma- 
chines. A large part of the variation in price is due to dif- 
ferent sizes, weights, etc., of the machines, but some of the dif- 
ference is doubtless due to difference in bargains. 

*Bol]., 1 Minn. Highway CommisBion, p. 10. 
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Tablb V. 



Name of Maobinb. 


No. used. 


PSICB. 


Lowest. 


Highest. 


American Champion 


827 

41 

5 

12 

67 

16 

10 

7 

4 

2 

2 

1 

1 

1 

1 

1 

64 


$125 
110 
200 
210 
123 
ISO 
200 
165 
100 
250 
210 
150 
200 
2S0 
230 
250 


$S75 


Western Reversible 

Austin- Western 


850 
235 


Austin 


850 


Climax 


275 


Victor 


850 


Acme 


235 


Indiaua Reversible of Fort Wayne 


250 


National Reversible 


205 


Buckeye 

Aurora 


225" 


Eureka 




Great Western 




McCormick 




Penrock 




Patten 




Machines no name reiwrted 






1 



One town reports "prioe confldentlaL'* 

The cost of running a road machine is given by the Maine 
Commissioner as varying from $2.00 to $35.00 per day with 
an average of $10.42 for 373 replies to his question. The 
average length of road turnpiked per day was .842 of a mile. 
These figures will give the careful highway supervisor some 
idea of the work he is getting done in comparison to what is 
done in other districts. 

Scrapers. The scrapers in common use are the "wheeler*' 
and the "slip" or drag scraper. The wheeler holds from 9 
to 17 cubic feet, and the slip from 6 to 7 feet This small 
capacity — about 1/4 of a yard — ^limits the efficient use of the 
slip to hauls of very short length, usually not much greater 
than the width of the road. Where the haul is greater the 
wheeler should be used as it is almost as quickly loaded and 
carries from 1-3 to 1-2 cubic yard ; or, stated differently, from 
60 to 100 per cent more work can be done with this than with 
the slip at not appreciably greater cost. The wheeler also has 
the advantage of giving a better grade as it spreads the dirt and 
does not leave it all in a heap like the slip. Up to hauls of 
300 feet the wheeler is usually cheaper than wagon haulage 
because of the quickness with which it is loaded, but beyond 



ROAD MACHiyERY. 



37 



that wagons should be used. The slip is often used to load 
wagons by providing a slide up which it can be run on to the 
box and using a long evener so that the horses can walk on each 
side of the wagon. If any considerable amount of dirt is to 
be moved it is cheaper to provide one of these and load with a 
team than it is to load with shovels. 

The relative cost of earth work when built with wheelers and 
slips is given in the following tables from Baker's "Koads & 
Pavements." 

Tablb VI. 

Cost of moving earth with drag scoop-acraper. 

Per onbie yard. 



Itkms. 


26 Ft. Haul. 


60 Pt. Haul. 


100 Ft. 


Haul. 


200 Ft. Haul. 


Character of earth. 


Loose. 


Hard. 


Loose. 


Hard. 


Loose. 


Hard. 


Loose. 


Hard. 


Looeeniac earth 

Filling scrapers 

Haaliftffr -r 


Cents. 

1.26 
1.25 
6.88 
0.40 
0.00 
0.26 
0.16 


Cents. 

2.60 
1.50 
8.50 
0.40 
0.09 
0.88 
0.16 


Cents. 

1.26 
1.00 
7.00 
0.40 
0.09 
0.88 
0.16 


Cents. 

2.50 
1.50 
7.70 
0.40 
0.69 
0.50 
t.l6 


Cents. 

1.25 
1.00 
8.75 
0.40 
0.69 
0.42 
0.16 


Cento. 

2.60 
1.25 
9.62 
0.40 
0.69 
0.68 
0.16 


Cents. 

1.25 
1.00 
10.00 
0.40 
0.69 
t.58 
0.16 


Cento. 

2.50 
1.00 
11.00 


Le^elinir 


0.40 


Soperlntendenoe 

Wear and tear 

Water boy 


0.69 
0.80 
0.16 






Total cost 


9.88 


12.18 


10.88 


12.96 


12.67 


15.25 


14.03 


16.55 



Tablx VII. 

Coat of moving earth with wheel scrapera. 

Per cubic Yard. 



ITSKS. 



Looseuinff 

Filiinff scrapers 

Hanlinff 

Leveling 

Saperintondenee 
Wear and tear.. 
Water boy 

Total cost 



Lbnothot Haul iv Fsbt. 



Usinff scraper No. 1. 
9 cubic ft. capacity. 



100 



Cento. 

1.25 
1.25 
5.8.1 
0.40 
0.69 
0.41 
0.16 



9.99 



200 



Cento. 

1.25 
1.00 
7.00 
0.40 
0.69 
0.58 
0.16 



11.06 



800 



Cento. 

1.25 
1.00 
8.00 
0.40 
0.69 
0.75 
0.16 



12.25 



Usinff scraper No. 8. 
16 cubic ft. capacity. 



400 



Cento. 

1.26 
1.80 
7.77 
0.40 
0.60 
0.58 
0.16 



12.60 



500 



Cento. 

1.25 
1.80 
8.77 
0.40 
0.69 
064 
0.16 



18.71 



600 



Cento. 

1.25 
1.80 
9.77 
0.40 
0.69 
0.75 
0.16 



14.82 



700 



Cento. 

1.25 
1.80 
10.77 
0.40 
0.69 
0.86 
0.16 



15.98 



800 



Cento. 

1.25 
1.80 
11.77 
0.40 
0.69 
0.97 
0.16 



17.04 
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Boilers. These are little used on earth roads in Wisconsin 
and their value is little appreciated. It is just as important 
in the construction of a good earth road that it should be left 
in a hard compact condition as it is in making a gravel or 
stone road. If the dirt is rolled thoroughly it is much less 
subject to rutting than if left loose. The roller packs the 
soft spots and shows them up so that more material can be 
added and the road left even surfaced and evenly hard in all 
places. The usefulness of the roller in building stone and 
gravel roads is better imderstood, but it may be mentioned that 
for these harder surfaces the rolling should b^n at the should- 
ers and progress inward toward the center. 

Harrows. One implement that should be more used than at 
present is the common steel toothed harrow. It aids in smooth- 
ing the rough surface left by the grader or scrapers and is 
also useful in filling the ruts that may form in the newly made 
surface. For this last purpose it is not so good as the split-log 
drag which is described in the chapter on maintenance, but it is 
very useful if the split-log drag is not at hand. 

Other Implements. Plows, wagons, shovels, wheelbarrows, 
etc., need no description. Many forms of patent spreading 
dump-wagons are on the market and are particularly useful in 
spreading gravel or crushed stone. 

The elevating grader is used in some states where they have 
long stretches of level or slightly roUing country in which they 
wish to throw up grades of some considerable height, but it is 
too expensive a machine to be used under the system of road 
work existing in Wisconsin. 
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CHAPTER V. 



ROAD MAINTENANCE. 

One o£ the causes for the high cost of and poor results shown 
for the money spent on Wisconsin roads is the almost total 
lack of any idea of the necessity of maintaining the road after 
once constructed. The valuable old maxim, *a stitch in time 
saves nine,' is altogether too rarely applied, either by cities 
with reference to their streets and pavements, or by towns and 
counties with reference to their roads. Any one who is fa- 
miliar with conditions can tell nmnerous instances of where 
a few shovels of dirt or a few hour's work applied in time 
would, have prevented a serious washout or the destruction of a 
road almost beyond repair which later cost much time and 
effort to replace. If the truth could be ascertained it is highly 
probable that it would appear that the greater part of the great 
simi of over two millions, which roads are at present costing 
the people, is spent in rebuilding roads that could have been 
kept in good shape by a much smaller amount if the work had 
been done in time. 

Section System. The ideal way of maintaining a road is 
that used by the railroads — ^the section system — in which a man 
is given charge of a certain stretch and required to keep it in 
first class shape. The more progressive parts of the coimtry 
are already beginning to care for their roads in this way. The 
following letter, quoted by the Highway Commissioner of 
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Maine^ gives a* good account of how one man carried out this 
principle and the success he met. 

"Ordinarilyv the chief work done by country people on 
highways is repairing the damage consequent upon n^lect. 
Why this n^lect ? Simply because the people are trying to 
follow old, obsolete methods pooriy adapted to these times of 
intense business energy and economy. 

Much may be learned from the methods employed in main- 
taining the railroads. The means adopted to keep up our 
highways would be considered extravagant for them. The 
principle of economy forces them to a better system — one of 
constant and continuous work of repairing. 

In the spring of 1894, with the purpose of adopting better 
methods for road management, I asked the people of my 
town for the oflSce of road commissioner, and being elected 
to that office I proceeded to institute a system of continuous 
inspection and repairs. Being familiar witli all the roads 
of the town and the uses to which they were put, I divided 
them into sections and made choice of the men who should 
have charge of and keep each section. My next task was to 
see other men and endeavor to enthuse each with some spirit 
of improving. They were reminded that the value of their 
farms depended upon the condition of the road. They were 
assured that the roads were to be improved, and urged to use 
their best endeavors in inaugurating reform in our method 
of road management. 

Each man was furnished with a good new shovel and a 
pass book in which to charge for each and every hour he 
spent upon the road. He was instructed to go over each 
section as soon as the groimd was bare of snow^ or as soon 
as the water b^an to flow to see to it that the water was kept 
off the road ; to go over the road every day if necessary while 
the snow was going and during the rainy season, for it is then 
that the most damage is done; and that when so passing over 
the road he should remedy all slight defects where a few 
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shovelf ulls of earth or gravel would prevent a bad mud-hole 
later on. These men were told that the old way of working 
the roads once a year had been abandoned, and that it was 
expected that a few hours work each week, when it would 
not seriously interfere with their farm work, would accom- 
plish all that was expected. 

The main road through the town, six miles long, not only 
takes the travel of the other roads, but is the thoroughfare by 
which the inhabitants of other towns reach the city with their 
produce, lumber, wood, and a great deal of heavy trucking. 
The best farmers live along this road and have enough busi- 
ness of their own without caring for a section of the road. 
Because of this, and for various other reasons, I conceived 
the idea of employing one man to keep this road, and there- 
fore engaged a faithful man with his horse, the town furnish- 
ing a cart. 

He was employed from spring till fall, and his instruc- 
tions were to b^n at one end and work one mile each day, 
covering the entire route each week, and fixing the worst 
mud-holes (and there were many), using the best road ma- 
terial at hand ; and at the close of each day to pass over the 
mile worked, gathering the loose stones, putting them where 
they would give no more trouble. 

I will say here that the maintenance of this road waa and 
had been a great burden to the town, and its condition was 
far from satisfactory to the traveling public. When the man 
employed learned what was expected of him he shrank from 
the task, saying, "What can I do to keep this road when a 
l&rge gang of men with great expense failed to keep it?" 
He was only persuaded to make the attempt by the assurance 
that the responsibility and any bad results would rest on the 
commissioner. 

There was much ridicule and prejudice against this sys- 
tem of management for a time. The man employed was in- 
structed not to participate in any discussion of the subject, 
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not to answer questions relative to the road or his work upon 
it, and to refrain from talking about the matter generally 
on penalty of being discharged. Other people talked and 
ridiculed, but the work went on, and after a few weeks the 
condition of the road improved and people noticed the fact. 
They also discovered that the expense was not large; that all 
the work done was remedying defects and at the same time 
preventing greater ones. And so the work went on and the 
prejudice died out. At the next annual town meeting the 
people without opposition continued the system, and at the 
last town meeting elected the road commissioner for three 
years with the same system of road management. 

The general results are that much better roads are secured 
at less expense, and the tax rate for highways has been re- 
duced each year, as the roads grew better, and as we learned 
to maintain them free from damage at less cost. 

I will say that we do something more for the roads than 
is here indicated. What we do is for maintaining or hold- 
ing them, and at the same time improving. But these roads 
should be built according to modem ideas of road construc- 
tion ; so we set apart a portion of the road fund for perma- 
nent improvement, building up for each year a piece or sec- 
tion of iJie main road in a thorough manner and of good 
material, and constructing culverts of stone in a permanent 
way. After the road is put in good condition one man can 
easily keep and care for a long stretch. 
Very truly yours, 

(Signed) J. O. Sanford^ 
Vermont Board of Agriculture. 

Stamford, Vt., November 10, 1896-" 

A few general principles as to the care of roads are here 
given. They are all dependent on the fact that water is the 
one great foe to good roads of any kind except sand, and a sand 
road is not properly to be classed with good roads. 
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Keep ruts and pitch-holes filled, always with the same hind 
of material as that of which the road is composed, in order to 
force the water to run quickly into the ditches. 

Keep weeds, grass and brush cut away from the sides to per- 
mit rapid drying. 

Keep the ditches and culverts free from obstruction by dead 
weeds, etc., to permit the water to run away before it has time 
to soak into the foundation and soften it. 
Keep loose stones, etc., off the surface. 

Split-log drag. One of the best and cheapest methods of 
maintaining a clay or gravel road is to use the split-log drag. 
This implement is figured as the frontpiece to this volume as 
it is one of the most important single factors in the betterment 
of our dirt road conditions. Its construction is evident from 
the illustration. The principle on which it works is familiar to 
any one who has ever made mud pies. It depends upon the 
fact that clay which has been thoroughly mixed with water will 
bake into a hard compact mass on drying. The drag is used 
right after a rain when the ground is full of water, and it 
works up about half an inch of well puddled clay tow^ard the 
center of the roads. The back log, not being shod, acts as a sort 
of packer to press down the puddled surface left by the front 
log. The ruts are thus filled with wet packed material which 
is further packed by the wheels and eventually baked on drying 
into a hard compact mass. 

The following suggegstions for using the drag are taken from 
the monthly bulletin of the Missouri Board of Agriculture for 
April, 1906. 

Ist. "The length of the chain, which is regulated by slip- 
ping it backward or forward through the hole in ditch end 
of drag. The length of the chain regulates the hold taken 
on the earth. To make the chain longer is equivalent to 
putting weight on the drag. If your drag is too heavy 
shorten the chain." 
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2d. ''The position of the snatch hook, which attaches the 
double-trees. To move much dirt or cut small weeds hitch 
the hook close to the ditch end of the drag and stand as 
nearly on the end of the front slab as is safe. Drive very 
slowly when thus hitched. This one hitch seems to be the 
hardest to learn. The others suggest themselves.'* 

3d. "Position of the driver on the drag. To move dirt 
see above. In a soft spot stand on rear slab. On a hard 
spot stand on front slab and drive slowly. If the drag clogs 
with straw, weeds, sod or mud, step to a point as far as you 
can get from ditch end of the drag. To drop dirt in a low 
place step quickly from ditch end to other extreme. To fill 
a low place or mud hole nicely is the severest test of skill 
with a drag." 

"I suspect you will become thoroughly disgusted when you 
first make the eflfort. But remember it will not be the fault 
of the drag if you fail.'* 

4th. ''Presence or absence and sharpness or dullness of the 
steel. The steel may project half an inch below the wDod at 
the ditch end of the steel, but should come up flush with the 
wood at other end of the steel. After a clay or gumbo road 
has been dragged four or five years the soil becomes so tough 
and putty-like that one must study it closely to know what 
to do. Some times I use sharp edge of steel ; sometimes dull 
edge (holes are bored in both edges of steel so that I can 
turn it up side down and use same bolt holes), and som^ 
times the plain wood." 

"This can be learned only by experience and you have sev- 
eral years in which to study the problem." 

"I hope these details and fancy points will discourage no 
one. Never forget that the poorest drag used in the poorest 
manner by a man who wants to learn will surely improve the 
highway." 

The effect of proper use of the road drag is shown in plates 
VII and VIII. The second road (plate IX) is located in 
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Waupaca county and was one of the worst stretches in the 
country round about. It was low and almost always wet and 
soft The road supervisor, Mr. Chas. W. Gibson, believed 
that he could better it and so graded it up with his road ma- 
chine and conscientiously dragged it after every rain. The 
cost ( f putting a very bad stretch of road in this shape may 
be of interest to other road supervisors and is here given. 

The road was a single wagon track with brush growing right 
to the ruts to b^in with. This brush was cut out and the road 
plowed. When the sods had dried they were shaken out and 
thrown to one side. Three teams and four men then took a 
grader and tumpiked the % mile that was to be fixed. It took 
them one day and & half to do all this. After each rain, Mr. 
Gibson himself took three horses and a split-log drag and went 
over it several times. He estimated that he had spent a total 
of about three days time dragging., From this record it is 
evident that the total cost of making three-quarters of a mile 
of the best dirt road to be seen in the state was only about 
$25.00. After this the dragging alone will keep it in good 
shape and will cost not to exceed $6.00 per mile per year. 
When it is considered that the average road tax available 
throughout the state is over $30.00 per year for every mile, 
it is evident that our roads should be in far better condition 
than they are now. The way such a road stands heavy traffic is 
indicated in the following extract from a letter from Mr. Gib- 
son received late in October. 

"The road is in as good shape as when you saw it in July. 
Although there is much heavy traffic continually passing over 
it which together with the heavy rains of late caused me some 
uneasiness, nevertheless it stands the wear. It has been sub- 
jected to a severe test in that practically all the heavy haul- 
ing of potatoes to market from below our place to the amount 
of many loads a day has gone over it. Yet it stands the wear 
nicely." 
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Mud and Dust, Besides providing a smooth hard surface 
for the road, the use of some system of maintenance obviates, 
to a large extent, the mud and dust nuisances. Boads are 
muddy because ruts are allowed to form and hold water. This 
water softens the track, lets the wheels cut deeper and 
make ruts that can hold more water and thus make more mud. 
This mud is carried up by the wheels in chunks and dries in 
this form. After the road dries out the travel mashes these dry 
chunks and the sides of the ruts into fine dust. If the road 
is kept in good shape so that no water can stay on its surface, 
this alternate formation of mud and dust cannot take place. 

Wide tires. The following statement regarding wide tires 
is taken from Bulletin No. 3 of the Ohio Highway Commission. 
"A housewife that purchases a fine and costly gown, and 
then without any attempt at protection to tbe same, engfiges 
in kitchen or dairy work, will by all be considered very ex- 
travagant and foolish. This mistreatment is no more un- 
wise or foolish than to subject a costly and wdl constructed 
macadam road to the destructive agency of heavily weighted, 
narrow tires. 

Tests have again and again been made that prove, without 
a doubt, that wide tired wagons are of lighter traction or 
draft than those equipped with narrow tires. There is no 
disputing the fact that a wide tired wagon on bad roads, 
rutted by narrow tires, will be of heavy draft, for the reason 
that the wide tires require force to overcome the condition 
due to the action of narrow tires. Part of the expenditure 
of force required in moving loads on wide tired wagons over 
roads rutted by the use of narrow tires is due to the correc- 
tive effect of the broad tires on the bad conditions resultant 
from use of narrow tires and is properly a credit entry on 
the side of good roads. 

The action of the wide tire, in a measure, takes the place 
of the improvement resultant from the use of the road roller. 
Narrow tires on heavily loaded wagons are road destroyers. 
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Rolling snow roads. From report of Maine Highway Commissioner. 
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The same loads carried on luide tires are road improvers.'* 
Kelative to the proper relation of size of load to width of tire 
the Pennsylvania Department Agriculture gives the following 
rule. 

"The maxium weight that should be allowed per inch of 
width of tire should be 550 pounds. The width of tire 
should be increased proportionately with the increase in 
weight of load. It must he understood that the width of 
tires do not affect the traction on hard roads, only the condi- 
tion of their surface and cost of maintenance/'* 
Snow Roads. The greatest trouble with winter roads is the 
difficulty that drifting snow presents. The most common 
method of breaking a road after & heavy storm is to go over it 
with the pointed snow plow made of two planks set in the 
shape of a letter V. Good results are also obtained with a 
common steel toothed harrow or disc. 

In many places they are using with marked success a largo 
roller to pack the snow. One of these rollers is shown in plate 
IX from a plate in the 1905 report of the Maine Highway 
Commissioner. The cost of rolling is from 25 to 50 cents 
per mile. "The rolling must b^n when there is from eight 
inches to a foot of snow on the road and each additional eight 
to twelve inches must be rolled. If side drifts are encount- 
ered they must be leveled. The rollers are ordinarily built 
twelve feet wide, thus making a double track road on any 
part of which teams can turn out for passing. After being 
compacted the snow freezes and becomes very solid and in 
consequence does not melt away as rapidly in the spring as 
does the loose snow along the side of the road. On this ac- 
count the traveled part of the road lasts longer than the sides 
and therefore it is not necessary to drive in the ditches in 
the spring. As the snow melts over the ditches first, they 
are ready to take care of the surface drainage instead of the 
middle of the road acting as the gutter. 

* Penn. Dept of Agriculture, Bull. 69, p. 19. 
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The snow must drift less, too, on a rolled road than on one 
broken out by shoveling and piling on the sides. By the lat- 
ter method each storm drifts the road full to the height of 
the snow which has been thrown out on either side. By rol- 
ling the road no snow is thrown out and consequently the 
drifting is less."* 



^Report of Maine Highway Commission. 1905. 
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CHAPTER VL 



CULVERTS AND BRIDGES. 

In a short pamphlet of this nature it is impossible to take 
up in any complete way the subject of country highway 
bridges and culverts. The subject of bridge and culvert 
construction is a very important one, however, and a few 
statements as to the general principles which may be of benefit 
to town oflScers are here given in a very preliminary manner. 
Later on the Engineering College of the State University in- 
tends to take up this matter definitely and prepare and publish 
standard plans and specifications for short span bridges and 
culverts, particularly those built of reinforced concrete. 

At present it is very difficult for town officers to know whether 
or not the prices which they are paying for sudi structures 
are excessive; they are necessarily unfamiliar with such a 
complicated engineering subject as bridge construction and are 
therefore usually at the mercy of the bridge agents and other 
interested parties. The state should by all means have a high- 
way officer whose duty it would be to aid towns and counties 
in such technical matters. 

Size of Opening. Size of opening is the only difference 
between a bridge and a culvert. Some states have adopted a 
classification, naming as culverts all structures with an opening 
of less than 4 feet. An important feature in the planning of 
a bridge or culvert is a careful estimate of the amount of water 
for the passage of which it is necessary to provide. This is 
4 
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always done by railroad companies in planning their struc- 
tures and should be done for every highway structure as well. 
At present, however, this point is little appreciated by those 
who have the deciding power in determining the size and kind 
of structure to be built. 

The amount of water that will come from a certain drainage 
area and flow tlirough any culvert or under any bridge in a 
given amount of time is not to be determined with any high de- 
gree of accuracy, as it depends upon too many factors. How- 
ever it can be determined sufficiently close to prevent such 
common occurrences as putting in a bridge of forty foot span 
where a ten foot span would be sufficient, or putting in 
a ten foot span where forty is needed. The factors upon which 
the quantity of water depends are (1) area of drainage hasin, 
(2) maximum rainfall per hour, (3) slope of the surface, (4r) 
character of the soil — porous or compact. It is evident that 
some of tlie more important of these factors are practically 
unknown. Even the most carefully kept weather records give 
the rainfall per day and not for each shower, which is the 
point of importance in determining the amount of water to be 
provided for. The amount of water which the soil will absorb 
may vary from a small percentage to almost the whole amount 
of the rainfall, depending upon its state of porosity at the 
time of the shower. However, certain satisfactory rules 
are used by the railroads, anc"' any town or county con- 
structinsT a bridge of any large size should secure, if pos- 
sible, the estimate of a competent engineer who is familiar 
with rules concerning the size of opening required. Often- 
times this may be unnecessary, particularly for streams which 
are spanned by railroad bridges, as the highway bridge can be 
made to correspond to that of the railroad in size of opening. 
If the services of an engineer cannot be obtained some idea 
of the amount of water can be obtained by noting the high 
water mark as given by those who have lived longest in the 
locality and measuring the area of the cross section of the 
water in the valley at this place. This should be done where 
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the valley is narrow and the banks steep, so as to be as nearly 
as possible like the opening under a bridge. 

Location of Bridges and Culverts. Although the location 
of bridges and culverts which are at present in use cannot 
profitably be changed, these structures are being almost con- 
tinually replaced, and the structures with which they are being 
replaced are quite often of a better and more permanent char- 
acter. In replacing any such structure the matter of securing 
& better location should be considered. A bridge which is cor- 
rectly located will be more stable and less likely to settle or 
be washed out. The factors to be considered in choosing a lo- 
cation are: 

1. The providing of a good solid foundation for the abut- 
ments. 

2. Securing a place where the stream channel is as little sub- 
ject to change as possible. 

3. Placing the bridge or culvert so that the water can go 
through it without any change in direction. 

The first factor is satisfied in most cases by a simple shift- 
ing of a few yards up or down stream in order to avoid quick- 
sands. The second factor of a good location is secured by plac- 
ing the bridge in such a position that the water comes to it in a 
channel which is straight for at least fifty yards up stream. Ac- 
cording to this a bridge should not be located on a bsnd if it is 
possible to avoid it. If it is located so that the water has to 
change its direction the bridge or culvert is exposed to the ed- 
dies or washing of water where it turns to go through and is 
much more subject to washing out than one which is located 
properly. For this reason it ia of ten advantageous to locate cul- 
verts in a diagonal direction across the road in case it is nec- 
essary to permit the water to flow alongside of the road for any 
distance. 

CTJLVEBTS. 

Culvert Materials. — ^The common materials which are used 
for culverts are wood, vitrified tile, steel or cast iron tubing, 
concrete and stone. Wood is hardly worthy of consideration as 
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ordinarily used without any treatment to preserve it. The 
life of the ordinary wooden culvert is too short and it must be 
replaced so often that when the cost of its maintenance is con- 
sidered it is more expensive than the more permanent forms. 

Tile Culverts. — ^Double strength vitrified pipe is very sat- 
isfactory for small culverts, providing it can be laid deep 
enough so that it will not be crushed by traction engines 
and other heavy loads. This depth will, of course, vary in 
different circumstances. If the road is of macadam or gravel 
construction and does not rut, twelve inches between the top 
of the pipe and the surface of the road will be sufficient — ^if 
too heavy engines or rollers are not used. In the case of a 
clay road, which ruts deeply and is poorly cared for, there 
should be at least two feet of earth over the top of the pipes. 
The failure of tile culverts is due also to the fact that they 
are so often laid improperly^ The following rules should be 
followed carefully in laying tile culverts: (1) The trench 
should be cut rounding on the bottom so that pipes rest solidly 
at all points along their length on the undisturbed earth. (2) 
The joints should be filled with cement mortar to prevent the 
escape of water through them, which might wash away the 
earth surroimding the pipe. (3) The ends of the tile where 
they project at the sides of the road should be protected with 
a wall of some sort, at least of plank or loose stones placed 
around them, but preferably of masonry or concrete. If built 
in this manner a tile culvert is a good permanent improve- 
ment to the road and not one which will have to be renewed 
every few years. 

Steel and Iron Culverts. — Steel pipe culverts are of less 
value than cast iron because they are much more subject to 
rust. Another objection to steel culverts is that th^ are 
usually made of very light steel and although they are well 
able to support the load upon them when they are new, they 
are so reduced in strength by the rust of a few years that they 
must be replaced. Cast iron culverts rust out much more 
slowly and usually give very good service. The cost of these 
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cast iron culverts, however, is in almost all localities higher 
than that of carefully built tile or concrete culverts. In cases 
where careless methods of construction of tile or concrete cul- 
verts are the rule the cast iron culverts will probably give 
much better satisfaction. Where tile culverts are properly con- 
structed they are more permanent and cheaper in first cost than 
the cast iron. 

The cast iron culverts are made in two general forms : The 
solid cast tubes and the sectional three-piece forms which usu- 
ally have a triangular cross section. Of these triangular forms 
the ones which nearest approximate a circular cross section are 
the best^ since it is undesirable to have the section of the cul- 
vert grow smaller as the water rises higher in it. The tri- 
angular form will accommodate a large amount of water when 
the water is low, and as the water rises the space becomes nar- 
rower and the water is held back, instead of having provided 
for it a wider channel of flow as it rises. The prices given 
by the manufacturers of the rounding forms and the triangular 
forms are given on page 66. The rounding forms must be 
made heavier to stand the same weight and are therefore more 
expensive, but the same size will carry more water than the 
corresponding size in a triangular form. 

Stone Culverts. — In many parts of the state where large flat 
stones are available stone culverts can be constructed at a rela- 
tively low cost and make & good permanent feature of the road. 
They should ordinarily be provided with a stone floor and an 
apron wall at each end extending down into the soil at the 
side of the road to prevent them from under-mining and wash- 
ing out. In the eastern and southern parts of the state are 
many limestone quarries from which large flagstones can be 
secured to make the tops, thus doing away with the necessity 
of constructing an arch. 

Concrete Culverts. — Concrete culverts are probably the best 
and most permanent that can be constructed. They are easily 
made by any intelligent road supervisor after a little instruc- 
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tion from one who is familiar with concrete work. If properly 
made they are better the older they get. 

It has been found that by imbedding steel "reinforcing bars" 
in the lower part of a flat sheet or beam of concrete where 
cracks first develop in breaking, that such beams can be made 
much stronger. This principle is used very extensively and 
large structures are made of this "reinforced concrete." 

In building culverts or bridges of concrete they can either 
be built with arched tops without reinforcing or with flat 
tops using reinforced bars. In smaller types of culverts it 
is cheapest and most satisfactory to make them of the arched 
type, as this does away with the extra expense of putting in 
the reinforcing bars. The small extra amoimt of concrete 
which is necessary is not sufficiently great to offset the extra 
labor and cost of putting in reinforcing bars. For the larger 
types — those with an opening of over two feet — it is often 
more economical to use the flat topped forms and the rein- 
forced construction. Plate X shows one of the standard 
forms of flat topped reinforced concrete culverts prepared by 
the Iowa Highway Commission. They have made standard 
plans for various sizes of these culverts up to 24 foot span, 
which show, as in this particular plate, the amoimt of rein- 
forcement required and just where it is placed. The CoU^ 
of Engineering of the State University plans to make stand- 
ard designs for such culverts and bridges for use in this state. 
For the small arched top culverts forms may be made quite 
cheaply in the manner described on page 68. The best form 
for small culverts which I have seen, however, is one which 
was exhibited at the road school held at Ames by the Iowa 
State Highway Commission. The makers of this mould, C. W. 
Overturf & Co., of Dimiont, Iowa, have very kindly furnished 
the accompanying cut, figure 1, and the table of sizes, amounts 
of materials needed, and price of mould. The mould is 
composed of a sheet of heavy galvanized steel bent into cylin- 
drical shape and held together along the edges by bolts which 
are removed after the concrete has set, the steel being then 
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rolled into a more compact form to separate it from the walls 
80 that it can be easily pulled out. This makes practically a 
concrete pipe culvert in a single piece. 




Fig. 1.— Oyerturf steel mold for concrete calyerts. 



TABLE VIII. 

MATBRIAL8 BBQUIBSD FOR DIFFBRBITr SIZED CULVBBTS MADE WITH THE 

OVERTCRF MOLD. 
^^ These figures are made on the batie o/18-ft, culverts ^ with coping to extend two feet 
from waterway through culver t^ and concrete in proportion of one part cement and 
seven parts gravel or sand." 



Diameter 
of colvert 


Thickness 
of bottom. 


Thickness 
of sides. 


Thickness 
of top. 


Amtof 

sand 
required. 


Amt. of 

cem«nt 

required. 


Width* 
todiff 
trench. 


»-inch 

11-inoh 


S inches 
8 inches 
.H inches 

4 inches 
4Vi inches 
4H inches 

5 inches 


4 inches 

4 inches 

5 inches 

5 inches 
5^ inches 
5^ inches 

6 inches 


4Vi inches 

5 inshes 

6 inches 

6 inches 
6U inches 
6^ inches 

7 inches 


90 cu. ft. 
36 cu. ft. 
48 cu. ft. 
59 CQ. ft. 
85 cu. ft. 
90cu. ft. 
124cu.ft. 


465 lbs.. 

558 lbs.. 

744 lbs.. 

915 lbs.. 
1,817 lbs.. 
1,895 lbs.. 
1,922 lbs.. 


16 Inches. 
19 inches. 


l.Vinch 


23 inches. 


15-inch 


25 inches. 


19-inch 


80 inches. 


23-inch 


83 inches. 


S7-iiich 


49 inches. 







"Under ordinary conditions, with cement at 65c. per hundred 
pounds, the cost of this kind of concrete work is close to 14a 
per cubic foot of concrete used, and as cement in the propor- 
tions mentioned does not increase the bulk of gravel, to esti- 
mate the cost of any sized culvert, completed, multiply the 
estimated amount of gravel in cubic feet by .18 — this will give 
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the coat completed. Multiply by .11 to get the cost of material, 
by .14 for cost of material on ground, and by .04 to get cost of 
labor." 

TABLE IX. 

DIAMBTBB, WEIGHT AND PRICE OF OVBBTURF MOLDS. 



Diameter of mold. 


QauTe of 
steel. 


Weight 
per foot. 


Price 
par foot. 


Sight inch 


20 
20 
UO 
18 
16 
16 
14 
14 


8 lb. 

5 1b. 

6 1b. 

9 1b. 
IS lb. 
17 1b. 
25 1b. 
401b. 


10.75 


Klevea inch 


.85 


Thirteen inch 


1.05 


Piftet-n inch 

Nineteen Inch 


1.25 
1.55 


Twenty-two inch 


1.75 


Twenty-seven inch 


2.^ 


Thirty-six inch 


8.40 







For culverts over two feet in diameter the use of these col- 
lapsible moulds is less advantageous than the use of the square 
wooden moulds, with which steel reinforcing bars can be ap- 
plied, and with which therefore less concrete is needed. 



CONCBETE. 

A matter of fundamental importance in concrete work is 
the kind of cement used. Cements are ordinarily classed, as 
Portland and natural. The portland cement is made by burn- 
ing and grinding together certain definite proportions of pure 
limestone and clay. This results in a product of uniform 
strength. The natural cements are made by burning and grind- 
ing certain naturally impure limestones which are approxi- 
mately of the proper composition. As these natural cement 
rocks are never even in their composition, the cement manufac- 
tured from them is for this reason never as even in its quali- 
ties as the Portland cement. Consequently portland cement is 
the only kind which can be depended upon to give sufficiently 
uniform results to make it worth while using it in bridge and 
culvert work. 

Concrete is made by mixing together cement and crushed 
rock ; or cement, sand and gravel. There is so little advantage 
in using crushed rock in place of gravel that in ordinary cases 
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the one which is most easily obtainable should be used. If 
either can be had at the same price the crushed rock should be 
used. The gravel or crushed rock should have enough of small 
particles or of sand so that the spacee between the larger pieces 
will be completely fiUed. If they are not completely filled 
there will be vacant spaces left which will weaken the concrete. 
The custom is to use about one part of small material to two 
parts of coarse. 

If gravel is used it is very important that all clay and loamy 
material be screened out. This can be done on an ordinary 
plaster's screen at an expense which will be well repaid by 
the better character of the concrete produced. This screening 
also enables sand to be mixed with the gravel in more exact 
proportions. 

Mixing. — Concrete may be mixed either by machinery or 
by hand. In mixing by hand a tight board platform is used 
to spread the material on. The dry sand is laid in a long heap 
and cement spread evenly over the top of it. Pairs of shovelers 
working opposite then turn the sand and cement over in such a 
manner as to mix it thoroughly. This process should be gone 
through with a number of times so that the cement will be 
thoroughly mixed with the sand. After it is thoroughly 
mixed the heap should be moistened and mixed again until 
it is of the same consistency throughout. The broken stone 
and gravel is then put on and mixed with the mortar. 
Iowa Highway Commission recommends a wet mixture (which 
is one containing all the water it will hold) for ordinary use 
especially where the slab of concrete is to be thin. The forms 
must be practically water tight for such a wet mixture, how- 
ever, or the water will escape and carry with it considerable 
cement. 

If there is much concrete work planned it is economical and 
also better to use a mixing machine as the resultinisr concrete is 
more uniform. 

Filling the Forms. — After it is thoroughly mixed the con- 
crete can be shoveled into the forms. The mixing board should 
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if possible be so close by the forms that the concrete can be 
shoveled in directly without the necessity of using wheelbar- 
rows. It should be deposited in layers of 6 inches inches thick- 
ness and thoroughly rammed into place so as to fill the forms 
tightly and leave no open spaces in the finished work. It should 
not be thrown any considerable distance as this will cause the 
heavy pieces to settle and will therefore destroy the uniformity 
of the mixture. When work is left unfinished over night the 
surface should be left as rough as possible so that the new con- 
crete will make a good bond. At the beginning of the next 
day's work the surface should be cleaned and wet and a little 
cement sprinkled over it. 

The strength of concrete, and consequently its durability, 
depends upon four factors: (1) the quality of the cement, 
(2) texture, (3) the proportion of cement used, and (4) the 
density of the concrete. To insure uniform quality portland 
cement should be used for the reason stated above. A concrete 
of the proper texture is secured by mixing the sand and gravel, 
or the large and small sizes of crushed stone so that the spaces 
between the larger pieces are completely filled. The proportion 
of cement used is a matter of choice. The density of the con- 
crete depends upon the mixture used and somewhat upon the 
care with which it is tamped into the mould. The following 
table gives the strength of portland cement mortars of various 
compositions. 

Table X. 

8TRBNGTH OF PORTLAND CEMENT MORTAB8 IN COMPRESSJOlf. AOB 4 MONTHS. 

( Watertown Arsenal), 



PBOPOBTIOM8 BT VOLUMS. 


Compreraiye 

strenflrth 
pounds per 
square inch. 


Cement 


Sand. 




1 
2 
3 
4 
5 
6 


4,S70 

2,506 

1,812 

890 

532 

109 
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From this table it appears that the strength of a mortar of 
one part of cement to three of sand — a "1 :3 mixture" — is over 
twice that of a mortar having one part of cement to four of 
sand. If concrete of differing strength is needed for different 
l)arts of structures, such mixtures are used as will give the 
strength required. The Iowa Highway Commission gives the 
following proportions as a guide for general practice: 

Far arches and fiat tops for culverts; 

1 part cemeDt, 2 parts sand, 4 parts broken stone; or 
1 part cement, 1^ parts sand, 4 parts screened gravel. 

For wing walls, or piers or abutments: 

1 part cement, 3 parts sand, 6 parts broken stone; or 
1 part cement, 2 parts sand, 5 parts screened gravel. 

"Where a gravel concrete is used engineers ordinarily require 
about ten per cent additional cement to be used over broken 
stone concrete,'' 

In determining what the cost of a concrete structure will be 
it is necessary to know the amounts of material which go to 
make up a cubic yard of finished concrete work. Cement 
should be measured in its packed bulk, not as loosely poured 
out. A sack of cement is just about 95 per cent of a cubic foot. 

Table XI gives the proportions of cement, sand and stone 
to make a cubic yard of concrete. 



Table XI. 

QcAimriBS of matbbiaub for onb cubic yard of rammed concrbtb 
Cement =3. 8 cubic ft. per barrel. 



PBOPOBTIOIfB BT VOLUMB. 


PBOPOBTION8 BT BbL. AND Cu. Yd. 


Cement 


Sand. 


Stone. 


Bbl. 

cement. 


Cubic yards 
of sand. 


Cnbic yards 

screened 

{Travel or 

broken stone. 


1 
1 

1 


2 


4 
5 
5 


1.75 

1.8 

1.10 


0.44 
0.46 
0.47 


0.88 
0.92 
0.94 
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In making small culverts where the mixing is done hy hand 
four men can work to advantage and should mix and put in 
place seven or eight cubic yards in ten hours, providing the 
forms are already built and the materials are close by the work. 

BBIDGES. 

The materials of which bridges are made are wood, steel, 
stone, and concrete. A large proportion of the highway bridges 
at present being erected are of steel. Lmnber has been so high 
as almost to prohibit its use as a bridge material and the use 
of concrete lias not become so common as the merits of the ma- 
terial warrant. It is difficult for any custom in bridge build- 
ing to bo changed because of the large number of people who 
must be convinced of the value of the change. There are over 
four thousand town and coimty officers having to deal with 
bridge construction and the adoption of any new method must 
necessarily be slow. However, it is to be hoped that the use 
of concrete will extend more rapidly. 

Causes of Failure of Bridges, — ^When one stops to consider 
the matter it is strange what a small number of bridges can 
be named that have "died a natural death" from decay. Even 
the old wooden bridges that one remembers, which ordinarily 
rot out in the course of fifteen years, were almost all destroyed 
by floods or by undermining before their period of usefulness 
was ended by natural decay. There are three chief causes for the 
failure of a bridge. These are, (1) natural decay, (2) floods 
which lift the bridge bodily and carry it away, and (3) poor 
abutments which are easily imdermined by a moderate freshet, 
letting the bridge down and destroying it. Of these three 
causes tlie blame for a very large portion of bridge destruction 
is due to poorly constructed abutments. The conmion prac- 
tice in building abutments is so well stated in a letter which 
was received from a gentleman of Orfordville, Wisconsin, that 
it is here quoted: 

"I enclose a table (table XIV) which I hope will give you 

an idea of what we are doing in the line of bridges. I will 
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say that bridge No. 1 was built in quicksand by laying a 
plank on the sand, then building cement abutments on the 
plank with the expectation that they would settle into the 
sand enough to give a good foundation. This answered very 
well as long as we had no heavy rains, but the heavy rains 
of last August undermined the abutments, they toppled over 
and the bridge went into the ditch. Bridge No. 6 is being 
built in its place. 

This same rain undermined the "mud sill" at one end of 
bridge No. 2 to a depth of five feet, allowing that end of 
the bridge to settle about three feet. This was raised with 
jack screws and the excavation filled with rock. We have 
now concluded that the only practical foundation for these 
small bridges when they must be built in mud or quick-sand 
is the "tubular pier," consisting of steel tubing well sunk into 
the soil with pile driven inside and the space filled with thin 
cement. As suggested in your former communication, the 
mud sill bridges were used at the suggestion of the bridge 
firm and to the sorrow of the tax payers. 

However, I wish to say before closing that I am not a 
member of the town board, and never have been, consequently 
have had nothing to do with these bridges, but am a tax- 
payer and have watched these matters quite closely. We 
know that no farmer would think of building a $600.00 
building on "mud sills," especially if the building were to 
span a stream, but when it comes to building bridges when 
the town foots the bill, we have a different proposition." 
In the same manner as strong emphasis was laid upon the 
necessity for having a solid foundation for a road, so must 
strong emphasis be laid upon the necessity of having good 
foundations for bridges. If the foundations of a bridge are 
so constructed that the water can undermine them easily, or 
can wash out behind them leaving the bridge standing in the 
midst of a stream with no approaches, the tax-payer can figure 
on the fact that taxes to the amount of the cost of this bridge 
have been thrown away, as it will soon have to be replaced. 
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Steel Bridges, — ^In letting the contract for the construction 
of an ordinary steel highway bridge it is impossible for the 
ordinary to\^Ti board to draw up proper specifications. For 
those who are interested in looking up this matter it is suggested 
that they can refer to the specifications for highway bridges 
which are issued by the American Bridge Co. These specifica- 
tions are those which are used by that company in their bidding 
and insure a bridge of good grade. Other bidders should be 
made to furnish material and designs of an equal grade in put- 
ing in competitive bids. 

It is advisable that counties and towns should adopt some 
standard form for the ordinary small bridges, such as the En- 
gineering College of the State University plans to provide at 
an early date. With such standard plans it will be unneces- 
sary to have special designs drawn for each span, and bidders 
will be placed on an equal plane with regard to the material 
which they must furnish. 

As many bridges made of steel I beams are being erected 
the following table published by the state engineer of New 
York is here given in order to impart an idea of the depth 
and weight of beams necessary for spans of various lengths. 
If plank floor is used the depth need not be quite so great, 
as the depths given are for concrete or stone slab floors. The 
spans are designed to support a 10 ton traction engine or road 
roller. 
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Tablb XII. 



SHOWIIIQ 8IZSS AH D WBIOHTS OF I BEAMS TO BB U8BD FOB VABIOUS LB50TH8 
OF SPAlf FOB BBIDQB3 OR CULVBBT3, USIIfO STONE OB CONCBETB SLABS. 





Width of 

flanffe in 

inohes. 


WeiffUtof 

I beam per 

foot of leogth. 

Pounds. 


Thickness of 

web of I beam. 

Inches. 


LlMITINa LBM QTH8 OF SPAHS. 


Depth of 
1 beam. 
Inobes. 


I beams 
spaced 2 feet 
between cen- 
ters. 


I beams 

spaced 3 feet 

between cen- 

ters. 










ft. in. 


ft. in. 


5 


3 


9J 


0.21 


4 6 


3 6 


5 


3i 


12} 


0.36 


5 


4 


5 


3|V 


U} 


0.50 


5 6 


4 


6 


3iV 


12} 


0.23 


6 6 


5 


6 


3.V 


14f 


0.35 


7 


5 6 


6 


8^ 


17i 


0.48 


7 6 


6 


7 


sU 


15 


025 


8 6 


7 


7 


3l 


17i 


0.35 


9 


7 6 


7 


3l 


20 


0.46 


9 6 


7 6 


8 


4 


18 


0.27 


11 


8 6 


8 


4A 


20i 


0.86 


11 6 


9 


8 


4A 


23 


0.45 


12 


9 6 


8 


*} 


23} 


0.54 


12 6 


10 


9 


4A 


21 


0.29 


13 6 


11 


9 


4/j 


25 


0.41 


14 6 


11 6 


9 


45 


30 


0.57 


15 6 


12 6 


9 


4j 


35 


0.73 


16 6 


13 6 


10 


4}l 


25 


0.31 


16 6 


13 6 


10 


4li 


90 


0.46 


17 6 


14 


10 


4il 


35 


0.60 


18 6 


15 


10 


5i 


40 


0.75 


19 6 


16 


12 


5 


31} 


0.35 


21 


17 6 


12 


5A 


35 


0.44 


21 6 


18 


12 


5} 


40 


0.46 


22 6 


19 


15 


5i 


42 


0.41 


27 6 


28 


15 


5A 


45 


0.48 


28 6 


23 6 


15 


5i 


50 


0.56 


29 6 


24 6 
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Stone Bridges. — Stone bridges are gaming in favor in the 
state wherever building stone suitable for suck purposes is ob- 
tainable. Owing: to their greater cost than wooden bridges, 
they have been comparatively little used up to recent years, 
but the desire for permanent structures and the increased cost 
of lumber have both aided in promoting the use of stone. 
Stone bridges are as permanent as any structure can be made, 
if properly built. If any large siun of money is to be invested 
in such an imdcrtaking careful plans should be made and the 
construction inspected in order to see that the masons are doing 
their work in such a way that it will last. Bridges which were 
built by the Eomans nearly two thousand years ago are still 
in use, and if stone bridges are constructed carefully today 
there is no limit which can be set upon their length of life. 

Concrete Bridges. — The use of concrete as a bridge building 
material has been developed comparatively recently. The 
whole subject of reinforced concrete is relatively new and it is 
not strange, therefore, that so few highway bridges are built 
of this material. A properly built concrete bridge is, as a gen- 
eral thing, cheaper than stone, and while more expensive than 
steel, is a structure which grows better with age rather than 
rusting out as steel is bound to do. Owing to the desirability 
of issuing this bulletin at as early a date as possible it was found 
impossible to prepare designs or to give exact information 
as to proper methods of construction of concrete bridges here. 
These will be given in the previously mentioned plans to be 
made by the Engineering College. The concrete for use in 
bridge structure is prepared as indicated on pages 58 and 59 
for concrete culverts. 

LIFE AND COST OF BRIDGE AND CULVERT MATERIALS. 

Life of Bridges and Culverts. — Any statement of the life 
of ordinary materials for bridge and culvert construction must 
be largely guess work in which the factor of experience comes 
in to make the guess valuable. The common practice of rail- 
ads would make the life of the ordinary wooden bridge about 
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fifteen years, providing it is not washed out by high water. 
The ordinary highway wooden bridge, however, is very often 
subject to destruction on account of insecure foundations which 
are washed out long before the bridge has had time to decay. 

Wooden culverts are subject to very rapid decay and are ordi- 
narily replaced every three or four years. 

Steel bridges are much more durable than wood and it is dif- 
ficult to set any limit upon their life which will be even ap- 
proximately accurate. Under favorable circumstances a bridge 
may last 75 years. The ordinary, light, flimsily constructed 
highway bridge, is not likely to last more than fifty years even 
if well cared for. The main cause of steel bridges giving away 
is the fact that they are so often erected upon easily destroyed 
abutments. If the abutments are secure the diflBculty then 
comes in keeping free from moisture the covered portion of the 
bridge immediately under the floor. The floor of the bridge 
provides shade and protection so that dampness is almost con- 
tinuously present, and this dampness rusts the steel rapidly. 
The life of the bridge can be prolonged if it is properly painted 
every few years. In repainting the bridge care should be tak- 
en to see that all the rust scale is cleaned off and the clean sur- 
face exposed. 

Steel culverts are much shorter lived than bridges because 
of being continually surrounded by dampness. One steel cul- 
vert company estimates the life of their steel tubing at 35 years, 
and this estimate is undoubtedly made as favorable to their 
culvert as it could be. Cast iron culverts are longer lived and 
and are often sold under a guarantee of 25 years. 

Culverts and bridges constructed of tile, stone and concrete 
are in the highest sense permanent. If they are properly con- 
structed and cared for they improve in stability with age. 

Costs of Bridges and Culverts. It is impossible to give any 

general statement of the cost of wooden culverts and bridges, 

as the materials and labor vary so widely in price in different 

parts of the state. It was not found possible during the prepar- 

5 
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ation of this bulletin to obtain detailed coste of bridges iix Wis- 
consin. The following prices for cast iron sectional culverts 
were furnished by the manufacturers. The Isham-Miller is a 
round form and the other is triangular. 



Table XIII. 



ThelflbamlfiUerCk)., 
Buttemat, Mioh. 


The Beach Mfir. Ck>., 
Chalotte, Mich. 


Diameter. 
10 inch 


Price per foot. 

$125 

1 75 

2 75 
400 
4 75 
600 
7 50 


Diam. 
10 inch 


Price per foot. 
81 70 


15iiicb 


14 inch 


2 50 


20 inch 


16 inch 


3 00 


25 inch 


18 inch 


3 50 


SOlnch 


23 inch 


5 00 


SSinch 


SOinch 

36 inch 


7 50 


45lnch 


9 00 




48 inch 


13 00 








F O.B. oars at factory. 
Discount: not quoted. 


Net P. O. B. factorieg. 
Discount 50 per cent. 



Table XIV which accompanied the letter quoted on page 60 
gives the cost of steel bridges of various lengths and types in 
Eock County, Wisconsin. By referring to the letter on page 
GO it is noticed that bridge No. 1 was washed out and is be- 
ing replaced by No. 6. The reason for the increase of span 
from 16 feet to 38 feet is not given, nor the reason for thus 
magnifying the cost from less than $200.00 to $800.00 or 
$900.00. Even though the length of bridge No. 1 might have 
been too small to accomodate all the water, it is doubtful if an 
increase in length of nearly 200% was necessary. 
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Table XIV. 



Bridge. 

No. 1.. 
No. 2.. 

No. S.. 

No. 4.. 

No. 5.. 

No. 6.. 
No. 7.. 



Type. 


Length. 


Width. 


Steel stringers. 


16 ft 


16 ft 


Steel trass 


40 ft 


16 ft 


Steel trass 


40 ft 


16 ft 


Steel trass 


30 ft 


16 ft 


Steel trass 


soft 


16 ft 


Steel tniBS 


88 ft 


16 ft 


Steel irass. . . 


46 ft 


16 ft 



FoandatloD. 



Cement abnt- 
ments. 

Steel legs rest* 
on ^*mad 



inc 
sill.' 



Tabolar piers.. 

Tnbolar piers.. 

Cement abnt- 
meuu. 

Tubnlarpier. .. 

Tabular pier. . . 



Cost. 



$56.25 for steel alone. 

f575.00 inelndinff 

f>lank bnt no baek- 
ng at end nor giad- 
ing. 

lODS.OO including 

f>lank but no back- 
ng nor grading. 

$695.00 including steel 
backing and steoi 
wings. 

$485.00for steel alone; 
$219.00 for abut- 
ments. 

$1,860.00 for the two 
bridges indndiog 
steel backing and 
wings; no jplank or 
grading. These last 
two bridges are un- 
der c< ustraotion at 
the present time. 



"They are all warranted to carry 100 lbs. per square foot or 
1,600 lbs. per running foot. Our township buys its plank by 
the carload at $25.00 per M ; this is oak plank known as 'swamp 
oak.'" 

The cost of two steel bridges in Marquette County is here 
given by Mr. W. W. Johnson of Packwaukee: — 

1. Nine stringers of 8 inch I beams, spaced 22 
inches; span 26 feet; no tniss; cost of bridge 

delivered including railing $92 . 00 

Cost of abutments 76 . 00 

Three inch plank for flooring and extra plank for 

engines 42 .00 

Total $210.00 
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2. Stringers^ 7 inch I beams; 9 foot span; cost 

of bridge delivered including railing $60.00 

Cost of stone abutments pointed with cement and 

caps to retain embankments 68.00 

Plank 18.00 

Total $146.00 

The following figures for some Wisconsin concrete culverts 
are also given by Mr. Johnson. 

Culvert No. 1 Ston© walls, laid dry, pointed with mortar 
made of one part portland cement and three parts sand; the 
arch immediately over the form composed of two inches of the 
same mixture, and then filled up with a mixture of 7 gravel 
and sand to 1 portland cement. Finished with two inches of 
a mixture composed of two parts coarse sand to 1 of cement. 
Retaining walls on each end of the same proportion. 

Cost of stone $ 6.00 

5 barrels cement 10 . 00 

Sand and Gravel 2.00 

Work 10.00 

Total $28.00 

This cidvert was then covered with three inches of sand 
and six inches of clay. The form on which this was built was 
made of G inch lengths sawed from a log and halved these half 
rounds being covered with two-by-fours. The whole was sup- 
ported on legs under which blocks were placed to be knocked 
out when the cement had set. A larger sized culvert of the 
same plan is being built in the same town on a form made by 
using felloes of a wagon wheel covered with plank. This size 
of culvert will cost about $18.00 more than the smaller size 
built on logs. The width of the larger is 4 feet 8 inches. Mr. 
Johnson did not give the length of the culverts or the size of 
opening of the smaller one. 

These costs are not so detailed and therefore not so valuable 
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as the following tables from the 1906 Manual of the Iowa 
Highway Commission. 



Tablb XV. 

FLAT TOP CULVBBTfl OB BBIDOE8. 



County. 


No. 


Span. 


Beinforoement. 


Cost. 


Blackhawk 


i brideres.. 
2 bridges.. 
1 bridge.. 


26 ft. dear. .. 




IS.loOOO 
2,480 00 




23 ft. clear.... 
20ft. dear.... 
U ft. clear.... 
12 to 16 ft.... 

16 ft 


1 Der cent X sec. aiea* 


Boooe 


1 per cent. sec. area 

2,0001b. I beams. 7 I. 8 

B. B. rails and h in. to 19C in. 
steol rods are. 5 ft. span 


460 00 
271 00 


Bremer 


Abridges.. 




Oreeoe 


125 00 
400 00 






5ft 


60 lb. R. R. rails 


195 00 


Dickioaon 


5x5 ft 


Top H in. round rods 2 in. c to 
c- cu. yd 








4 ft 


6 00 


Homlioklt 




165 00 


Hamilton.. 




2x2 


88 ft. long, barbed wire 


76 40 






2x2 


40 ft, long, barbi^d wire 


79 90 


Poweshiek 


4ft 


60 ft. long, stei*i bars concrete 
$7.50 per yard 








4x6 


750 00 


Stonr 

Waphinirton 


16 ft. roadway 


800 00 


Sft 


3 in. gas pipe 18 in cc 

60 ft. long, bars and wire mesh, 
ing 


190 00 


Woodbury 




6ft. 










600 00 



*This means that the eross-eeetion of the ceinforeinc bars is one per cent, of the total 
area of the crosa-seotion of the reinforced concrete slab. 



Tablb XVI. 

ABCHBD TOP OULVBBTS OB BRIDGB8. 



County. 


No. 


Span. 


Reinforcement. 


Cost. 


Blackhawk... 




IT.Sfeet V .. 


1 per eent sec. area, Thatcher 






6 


6-«feet 


$1,200 00 
75 00 


Bremer 


Barbed wire ave 

40 feet long, 200 lb. barbed wire 

40 feet long, barbed wire 

40 feet long, 120 lb. barbed wire 


Hamilton 


6i5feetSin 


287 00 






5z6feet4ia 


^00 00 




S&ifeet 6in 


900 00 


Story 


5feet 


870 00 


Tama 


JHJ 


$.45 per cu. yd 




Woodbury 




12 feet 89i in. X 22 ft. 
6in 


Johnson 












20 9C in. X 14 feet 

16feet 

8feet 


Johnson 


800 00 


Worth 


None\^.. .....:: ::::.::. ::::.:;. 


210 00 






None 


75 00 











Tablb XVII. 

BBICK AND 8TONB ABCHX8. 



County. 




Cost. 


Boon* 


Brick arch, 5 ft. span, 50 ft. long 


$850 00 




Stone arch, 5 ft. span, 80 ft. long 


164 00 


Union 


Brick arcb,6z6~20ft. long, $18.00 per ft 

Brick arch, 6x(V-26 ft. long, $18.00 per ft 


260 00 
338 00 
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''Cost of Concrete Work. Particular attention is called to 
the range in prices as given for the different comities. This 
may be accounted for in a measure by the variation in price of 
the materials delivered, and also the relative difficulty of pur- 
suing the work under conditions imposed by the location of the 
structures. However, these reasons are not altogether satis- 
factory when the range of prices is so wide. For instance, 
one county reports the work to cost 36c per cubic foot, which 
means $9.45 per cubic yard. A good example of the reason- 
able cost of concrete work under favorable circumstances 
is the reinforced concrete bridge reported from Boone county. 
The abutments and wing walls are about seven feet high and 
eighteen inches wide on top, with a batter of about i^" to the 
foot on the outside. The top is a 14" slab of concrete with a 
clear span of fourteen feet reinforced with seven 6" I beams 
having their ends imbedded in either abutment. There is a 
16 foot roadway with a 10" felloe-rail on either side and a two- 
rail gas pipe railing. Sand and gravel cost $1.00 per cubic 
yard and cement $2.00 per barrel plus haulage. The structure 
completed cost $271.00." 

"The following itemized statements of concrete work are 
taken from a paper read before the Iowa Qood Beads Associa- 
tion by Henry Haag, supervisor of Greene County : — 



TABLB OF rrSMIZBD COSTS. 

5 ft by 8 ft. Reinforoed Concrete Culvert. 

FoaadatioD reqaired piling and thnte feet of exearatlon below bed of stream. 

40 yards riyer graTol haoled SVi miles at 73o $30.00 

40bb]. Portland cement at $2.00 80.00 

7i>08.7-inoh I beams, 1,070 lbs. at $1.00 *. 10.70 

800 lbs. old jnnk, rods and bars at OOo per hundred 4.80 

28 Stub piling, 10 feet, at 50c. each 14.00 

3 men and team two days driving piling at $6.00 12.00 

4 men excavating two days at $1.50 4.50 

Use of lumber and wastage In forms 15.00 

Hauling piles, pile driver, lumber, cement and tools 8.00 

Filling in bridge and completion, 2 men and team one day 4.50 

2 men 1 day taking off forms and false work at $1.50 8.00 

$225.50 
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"The cost of the concrete in this bridge was $6.00 per yard, 
there being 33 yards of concrete in the bridge, as follows : — 

Foundations contained 282 ca. ft. 

Walls and wings 393 oj. ffc. 

Slab floor 220 cu. ft. 

Wheel flmard 43 on. ft. 

887 en. ft or S3 yds. 

"The following is the cost of different items per yard: — 

Cement $2.40 

Labor 1.75 

Steel 45 

Gravel 90 

Lumber 50 

TABLB OF ITBMIZID COST. 

7 ft by 8 ft Beinforoed Concrete Calvert. 

Foundation on bine day three feet below bed of stream. 
8 yds. flit ffrsTel donated and used in fonudations. 

50 yds. river graTcl at $L00 $50.00 

65 bbls. Portland cement at $2.00 i:i0.00 

Kahn trussed bars for reinforcing slab floor 50.00 

2,400 lbs. old junk rods, bars and angles at 60c 14. 40 

Kxcavation, 2 teams, 3 men, 3 days at 18.00 24.00 

Lumber, use of , wastage for forms 20.00 

Considerable bridge lumber that we had on hand was used, joists, etc., not dam* 

aged and no charge was made against the work. 

Building forms ... 10.00 

4 men, 6 days, at 12.00, mixing concrete 48.00 

Man and team at $3.00 hauling water, gravel and cement to mixing board, 6 days 18.00 

2 men 1 day, taking off forms 4.00 

Team hauling lumber and tools back 3.00 

Filling in dirt on and around bridge after completion, 2 teams one day at $3.00. . 6.00 

Total cost $385.40 

"The cost of the concrete in this bridge was $7.30 per yard, 
there being 53 yards of concrete in the bridge, as follows : — 

Foundations contained *..... 220 cd. ft 

Wallssnd wings 612cu. ft 

Wheflguard 85cu.ft 

Handrail lOOcu.ft 

Slabfloor 396ca.ft 

1,413 cu. ft or 53 cu. yds. 

"The following is the cost of the different items per yard : — 

Cement $2.35 per yard. 

Gravel 100 

Labor 2.30 

steel 1.15 

Lumber 50 
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While it was not possible to obtain much inform&tion as to 
the cost of bridges in Wisconsin each town board will know 
what their structures are costing them and can compare cost^ 
with the figures given here for these Iowa bridges and culverts 
In making such comparisons the length of life of the structures 
whose costs are compared must be continually kept in mind. 

CONTOURS. 

In dealing with bridges, culverts and general drainage prob- 
lems as well as in location of roads, the lay of the surface of 
the country is of such great importance that a short explana- 
tion is given to show the common method of indicating the ir- 
regularities of the surface. The accompanying cut, fig. 15, 
is taken from one used by the United States Qeological Survey 
in explaining the use of contour lines. The figure includes 
an ordinary view as seen by the eye and a miap of the same 
object The contours which are fhown on the mao are linos on 
the surface which are drawn so that all points on a single line 
are at an equal distance above some level surface, which is 
usually taken as sea level, as indicated in the figure by the level 
of the water. A conception of the way these lines appear can 
be obtained if the water in the bay were imagined to rise by 50 
ft. intervals, stopping long enough at each interval to enable the 
shore line to be traced. All points in this shore line would evi- 
dently bo at the same level. A succession of lines thus drawn 
covering the country as closely as desired enables one who un- 
derstands such a map to tell at once the slope of the ground, 
whether it is steep or gentle, and the extent of the drainage area 
of any stream. It is evident that where the surface of the land 
is steep, as on the face of the hill, the water would not go shore- 
ward much in rising the 60 feet between contours and the con- 
tours would consequently be close together. While in places 
where the slope of the land is gentle the water would move shore- 
ward a much longer distance in rising the 50 feet and the con- 
tours would be a much greater distance apart on the map. 
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Therefore in reading a contour map it is evident that widely 
spaced contours indicate gentle slopes while closely spaced con- 
tours indicate steep slopes. 




Fig. 2.— Cot BhowlDflT a view of hiUs and a stream valley with a contour map be- 
low. From U. S. Geological Sarvey. 

Such maps have been made of a considerable area in the 
southern part of the state by the United States Geological Sur- 
vey, and it is hoped for the purpose of aiding in good road 
work that they may be extended rapidly to cover the whole 
state. They are usually made, however, only on condition that 
the state appropriate money to pay for half the expense. 



PART 11. 



CONDITIONS IN WISCONSIN AND ROAD 
LAWS IN OTHER STATES. 



CHAPTER I. 



PRESENT HIGHWAY CONDITIONS IN WISCONSIN. 

In the beginning of the present study of the road situation 
in Wisconsin the fact was taken into consideration that the 
largest part of the roads of the state must continue to be made 
of the ordinary soil of the districts through which they pass. 
As a consequence the first thing to be undertaken was to find 
out the methods of construction which were being used and the 
conditions of the roads which were the results of these methods. 
For the purpose of actually seeing the roads, a trip was made 
over a considerable part of the central and southern portions 
of the state and the roads and methods of construction inspected. 
As any such trip must necessarily be very limited as to the 
amount of territory covered, and as the knowledge desired was 
of a more general nature than could be obtained on such trip, 
letters were sent out to various persons. 

The first letter sent out was addressed to every town clerk in 
the state, and enclosed a list of eighteen questions. Eeplies were 
received on first request from 700 of the town clerks. On the 
second request practically all of the remainder replied, giving 
reports from all but 167 of the 1135 town clerks. As these 
replies were sent in, for the most part, without even being 
furnished return postage, a strong indication is given of the 
interest of the tovm clerks in road conditions in the state and 
in any movement towards bettering these conditions. 

One of the requests sent to the town clerks was that they 
return names of the prominent farmers in their town who 
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would be able to give information as to the effect of roads upon 
land values, etc. Latier on letters were sent out to 2000 of the 
persons whose names were thus turned in. On a single re- 
quest replies were received from about half of these. 

A request was sent to the Fourth Assistant Postmaster Gen- 
eral, Mr. DeGraw, who very kindly furnished a list of the 
names and addresses of all rural free delivery carriers in the 
state, and also sent out a circular letter to them requesting that 
they answer promptly the questions sent to them concerning 
roads. Of the 1450 carriers in the state only 316 have not re- 
plied. 

The answers to thee{e questions sent out, aggregating in 
number some 3000 letters, have been carefully worked over 
and totals, averages, and generalizations made in so far as was 
possible. WTiere a question is omitted in the following state- 
ment it is duie to the fact that the question is of such a nature 
that answers to it can not be tabulated or any average or gen- 
eral results taken from them, such as queertiions regarding the 
location of roads, materials, etc 

QUESTIONS ADDRESSED TO TOWN CLERKS. 

1. How many miles of public roads in your toumf 

Of those answering, 896 replied to this question. The total 
mileage given was 49,061, an average of 54.7 miles per town. 
At this average the total road mileage of the state would be 
about 63,000. 

2. What are the most heavily traveled roads? 

The answers to this question cannot be averaged or any gen- 
eral statement made from them. 

3. (a) How many miles of earth roads have been graded? 
A total mileage of 25,895 was given by the replies to this 

question. 

(&) How many miles have been surfaced with gravel? 
7,665 miles are reported to have been graveled. 
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(c) How many miles have been surfaced with crushed stone f 
The 94 towns reporting macadam roads give a total of 
359.5 miles. It will be noticed that this mileage of macadam 
road is less than that given later in the replies to the R. F. D. 
Carriers' questions. It is possible that some gravel roads were 
returned as macadam by the carriers but the discrepancy is 
probably dite to the few answers from town clerks, as com- 
pared to the number received from carriers. The following 
table gives the average cost per rod of gravel and macadam in 
each county reporting. 

Tablb XVI. 



County. 


Average 

cost 
Gravel, 
per rod. 


Average 

cost 

Macadam, 

per rod. 


County. 


Average 

cost 
Gravel, 
per rod. 


Average 

cost 

Macadam, 

per rod. 


Adams 






Manitowoc . . 
Marinette . . . 
Marquette... 
Milwaukee . . 

Monroe 

Oconto 

Oneida 

Outagamie . . 

Pepin 

Pierce 

Polk 

Portage 

Ozaukee 

Price 

Racine 

Richland.... 

Rock 

Rusk 

Sauk 

Sawyer 


$1 22 
2 00 
908 

63 
1 06 
1 35 

81 
1 51 

16 
1 39 

81 
100 

69 

75 

1 82 
91 

2 07 
57 

300 


12 00 


Ashland 


13 62 
50 


13 25 




Barron 




Bayfield 




2 00 


Brown 

Buffalo 


1 42 
1 29 

1 66 

2 66 
75 

1 35 
1 75 


3 81 
8 50 


6 25 


Burnett 




Calumet 

Chippewa — 
Clark 


7 66 
6 25 


1 25 


2 50 


Columbia .... 


202 




Crawford 


4 08 


Dane 


153 

1 29 

2 07 


6 55 
3 75 
I 50 
1 40 
10 00 
1 07 


4 70 


Dodge 

Door 




is ii 


Douglas 


3 75 


Dunn 

Bau Claire.... 


94 
1 08 


393 


Florence 


6 06 


Fond du Lac. . 


1 75 

75 

737 


268 




Forest 


Shawano 

Sheboygan . . 
St. Croix.... 

Taylor 

Trempealeau. 

Vernon 

Vilas 


95 
220 

1 00 

2 08 
2 46 
366 


1 50 


Grant 

Qreen 


6 12 
500 


2 50 


Green Lake . . 


1 29 




Iowa 




6 83 


Iron 


500 

45 

3 17 

625 

I 49 

1 57 

250 

10 00 

88 

1 25 

1 21 




6 75 


Jackson 






Jefferson 

Juneau .... 


300 


Walworth... 
Washburn ., 


i ie 


4 05 


Kenosha 




Washington . 
Waukesha . . 

Waupaca 

Waushara... 
Winnebago. . 


1 43 

1 25 

97 

79 


6 66 


Kewaunee. . . . 






La Crosse . . . 






Lafayette.... 

Langlade 

Lincoln 








i 60 




Wood 






Marathon 


1 06 
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These averages are of course for all different styles, thick- 
nesses and widths of roads that are huilt, but they are indica- 
tive of the amount of moiiey which the people of different 
counties put into permanent ro&ds when they once start to 
build them. 

4. Is the general character of the roads of your town level, 
rolling or hilly? 

No gen/eralizations possible. 

5. Is the soil upon which your roads are huUt clay, sand or 
loam? 

No generalization possible. 

6. List road machinery owned by the town. 
State totals are: 

Steam road rollers 1 

Horse road rollers 16 

Stone crushers 33 

Road machines 2, i54 

Wheel scrapers 1, 813 

Drag scrapers 10, 449 

Patent dump wagons 2S 

7. What road rollers or stone crushers are owned by private 
parties, cities or villages in your boundaries? 

Keplies to this question were too meager to be of any signifi- 
cance. 

8. What material exists in your town suitable for surfacing 
roads? 

No generalizations were possible from the answers to this 
question. 

9. (a) During what months of the year is most road work 
done? 

629 towns do their road work before the end of July. 20 
towns do all their road work after the end of July. 234 towns 
distribute their work throughout all the working months of 
the year. 
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(6) What are the usual methods of building or repairing 
dirt roads f 

No generalizations were possible from the answer to this 
question. 

(c) Are dirt roads ever rolled after working? 
Of the 867 replies to this, 81 were yes and 788 no. 

(d) What do you think has been the general effect of using 
a road machine? 

Of the 800 answers to this question 745 reported "Good" 
and 55 "Bad." 

(e) Has any one in your town used the ''split log drag?** 
Only 56 towns reported the use of the drag. 

10. How much money did your town receive from the 
county for road purposes in 1905? 

The towns answering this question reported $37,368 as be- 
ing received from the county. 
For bridge purposes in 1905? 
The total reported under this was $175,355.. 

11. (a) What was the total highway tax levied in your 
town in 1905? 

The replies to this question were not sufficiently definite 
and complete to admit their tabulation, so the itecords in the 
office of the Secretary of State were examined and the total 
highway tax reported there by the county clerks found to be 
$2,028,683. This amount divided by the number of miles as 
given in the answers to question 1, gives an average of $32.20. 
In addition to this regular highway tax there was available 
for road work in 1905 the poll tax and considerable sums 
which were appropriated out of the town general fund and 
which were therefore not reported as highway tax to the Secre- 
tary of State. The poll tax was paid as follows. By cities, 
$9,508; by villages, $10,957; by towns, $143,209; a total of 
$163,674. According to the census of 1900 the population 
of the cities was 875,868 ; of villages, 94,466 ; of towns, 1,098- 
708 ; a total of 2,069,042. The proportion of voters by this 

6 
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census was given as 27%. According to this the number of 
rural voters in 1900 was about 296,000. Hence, it appears 
that 296,000 rural voters pay $143,209 poll tax; or in other 
words, at one dollar each about one-half of the voters of rural 
communities pay 87% of the poll taxes of the state. 

(6) IIow much was spent in building stone or gravel roads 
in 1905? 

(c) How much was spent for bridges? 

(d) What proportion of the highway taxes is paid directly 
in labor? 

The replies to these three questions were so incomplete and 
the records in the possession of town clerks evidently so scanty, 
that nothing could be determined from them as to the amount 
for the whole state. The record of hi^way expenditures is 
evidently kept in only the most general manner. 

(e) Are highway expenditures concentrated on heaviest 
traveled roads or distributed so that every m^n gets his own 
road fixed? 

Koplies to this question indicated that 662 towns of the 879 
reporting distributed the work, while only 217 made any at^ 
tempt to concentrate the work in places where most needed. 

12. Would you favor the formaiion of a highway division 
in the Geological Survey to furnish free of charge to towns re- 
questing it expert advice and supervision in the m>aiter of 
building and maintaining permanent roads. 

Of the 734 replies to this question 642 Were favorable and 
92 unfavorable. 

13. What proportion of wagons in . yowr town have three 
inch tires or wider? 

The average of the replies sent in gave 62% of the wagons 
of the state as having wide tires. 

14. Have you ever tried harrowing or rolling snow in your 
town? 

Of the 880 reporting 62 towns have tried this and find it a 
very good plan, while 818 have not tried it 
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QUESTIONS ADDRESSED TO BUBAL FBEE DELIVBBY GABBIEBS. 

1. Name. 

2. Location of route. 

3. Length of route. 

By the 1,117 replies to this question a total length of route 
of 27,552 miles was reported, an average of 24.66 miles. As 
there are 1450 E. F. D. Carriers in the state according to this , 
average, the total length of road travelled hy them would he 
35,757 miles. 

4. How many miles of macadam roads? 

The number of miles reported by the carriers in reply to this 
question was 418, which is greater than that reported by the 
town clerks, but as a greater number of carriers reported on 
the question it is evident that this number is nearer right. 

Oravel roads f 6,024 miles. 

Clay roads? 6,311 milfes. 

Sandy roads? 13,806 miles. 

The sum of these various kinds of roads leaves 1,963 miles 
of the reported total length of route unclassified. 

6. Oive conditions of the road at various seasons of the 
year. 

ITo generalizations possible from the replies to this. 

6. Has the *^split log drag"* heen used on your route? 
64 reported that it had been used. 

7. Mow many days in the last year were roads so had as to 
prevent the covering of the whole of your route? [Do not 
count obstructions from snow.'] 

The average for the 1,300 replies received to this quieetion 
was 1.53 days. 

8. How many days in the last year have roads heen so had 
as to prevent their use hy loaded wagons? 

Of the 1,020 replies the average given was 17.02 days. 

By unloaded wagons? 

The average of 1,020 replies was 3.8 days. 

It will be noted that this question was so worded as to in- 
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elude only the days in which heavy wagons and light travel 
were absolutely cut oflf from use of the roads. The number of 
days during which the roads were very bad would be much 
greater than this. 

9. Tell what parts of the roads were worse and give reasons. 
No generalizations possible from replies to this. 

10. What is the general nature of the road work along your 
route? 

No generalizations possible from replies to this. 

11. How many wooden bridges on your rouie? 
The total of the replies received gave 9,643. 
Iron bridges? 2,652. 

Concrete culverts? 2,291< 

Iron pipe culverts? 1,211. 

Tile drain culverts? 4,953. 

The replies to this question indicated that there are nearly 
four times as many wooden bridges as steel bridges, and that 
tile as culvert material is by long odds the f avorita 

12. How many teams per day pass over the first part of 
your route when roads are in good condition? The average 
of 800 reports was 60.4. 

Over farthest part? The average of 728 reports was 24.4. 

When roads are in bad condition how many team^ per day 
pass over the first part of tha route? Average of 786 reports 
was 25.5. 

Over farthest part? Average of 728 was 9.95. 

This question was replied to by a fairly large percentage of 
the carriers, but in asking the question it was recognized that 
any such estimate as could be made would be only a rough es- 
timate at best. The averages for the whole state, however, 
are significant as agreeing in the fact that about 60% of the 
travel upon rural highways is cut off when roads ai^ bad. The 
effect of this diminished travel upon the conditions of life 
must be very considerable. 

13. How long does it take you to cover your rouie when 
roads are good? 
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The average of 1,112 replies received to this question was 
6.94 hours. 

When roads are bad? The average of 1,100 replies was 
7.58 hours. 

The average time wasted by each carrier when the roads are 
bad is 1.64 hours. 

14. How much longer route do you think you could cover 
with the same ease as you cover your present route if roads 
were always in first class condition? 

The average of 1,100 replies was 2.86 miles. When it is 
considered that according to this average, which is the esti- 
mate of the carriers themselves and therefore not likely to be 
excessive, the rural mail service could be extended over routes 
aggregating a total of 4,100 miles without any increased^ ex- 
pense whatever to the government or to anybody, if the roads 
were kept in the condition they ought to be, the importance of 
keeping roads in good condition can be very strongly appreci- 
ated. 

16. What would you think of a plan such as they have in 
other states whereby the State Geological Survey should mainr 
tain a highway division to give advice and instruction in road 
building to towns free of charge? 

Of the 1108 replies to this 1106 were unqualifiedly favor- 
able. Two replies were doubtful and might be taken unfavor- 
able. 



QUESTIONS ADDRESSED TO FABMEBS. 

1. Name. 

2. Location of farm. 

3. Number of acres in farm. 

There were 753 answers to this question giving an average 
of 181.5 acres. 

4. Distance from town. 

There were 738 replies giving an average of 6.6 miles. 
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6. How many tons per horse can you hdvl on your roadt 

(a) In summer? 
709 replied giving an average of 1.06 tons. 

(6) In fall? 
685 replied giving an average of 1.02 tons. 

(c) In winter on sleigh? 

591 replied giving an average of 1.67 tons. 

On wagon? 
654 replied giving an average of 1.08 tons. 

(d) In spring? 

638 replied giving an average of .47 tons. 

These averages are from a large number of replies and the 
amount of the load which can be hauled must be^ therefore, 
fairly representative These figures show that in the winter 
time about 60% more can be hauled on sleighs than can be 
hauled on wagons in the other seasons of the year when roads 
are good^ and in spring less than 50% of the ordinary load can 
be hauled. 

6. How many days work per year for one team and man 
does your heavy hauling on the road require? 

The average of 614 replies was 39 days. 

7. How much could this time he shortened if roads were al- 
ways in good condition? 

The average of 461 reports was 15 days. 

What would he the actual cash value of this time saved? 

The average of 461 reports was $42. 

8. How much time in the year do you estimate you spend on 
the road with a light rig, such as going to church, lectures, 
fairs, children driving to school, etc.? 

The average of 573 reports was 59 days. 

What proportion of such light driving which you would 
otherwise do are you compelled to forego hy the had condition 
of the roads? 

The average of 311 reports was 19 days. 

9. How much would you he willing to pay to have the roads 
always in good condition, so as to he able to do such light driv- 
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ing at any time you choose as far as conditions of roads are 
concerned? 

The average of 312 reports was $36. 

10. Hew much per acre, if any, would the value of your 
farm he increased if you had a first class road to town? 

The aver&ge of 438 reports was $8. 

Would this be a fair average of the increase in value of the 
farms in your town if they were all located on first class roads? 
If not, what woufd he the average? 

The average of 202 reports was $8. 

11. How many days in the year are your roads so had as to 
prevent hauling loads? 

The average of 630 reports was 41 days. 
How many on which light driving is impracticable? 
The average of 436 reports was 24 days. 
Would it be to your advantage to he able to market your 
produce at such times? 
403 yes, 118 no. 

12. Has the present law remitting taxes on wide tired wag- 
ons acted as a very strong incentive to their use in your town? 

436 yes, 270 no. 

Do you think it would he more effective to have a law such 
as they have in Iowa to remit one quarter of the road tax for 
hauling all loads over 800 pounds on tires at least three inches 
wide? 

364 yes, 311 no. 

13. Are road taxes in your town paid in labor? 
617 yes, 120 no. 

14. If road taxes were paid in cash and the roads worked 
by contract, what proportion of the present tax in your town 
would produce as good results as the present system? 

The average of 470 replies was 58%. 

15. Do you think it would he advisable to substitute for the 
present office of County Surveyor a County Engineer, capable 
of advising town and county officers as to the kind and size of 
bridges, culverts and other permanent improvements best 
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suited for the particular localities where they were to he placed, 
besides performing the duties of a County Surveyor? 
628 yes, 200 no. 

16. Do you favor the plan which has heen adopted in half 
the states of the Union of having the state and county both aid 
the town in building permanent roads, thus having the cities 
and railroads pay a share of the cost? 

682 yes, 53 no. 

17. Would you favor turning the heavily traveled roads 
over to the county to maintain, and giving the county abovJt one 
mill as a tax to do the work with? 

539 yes, 190 no. 

18. Do you think the road overseers of your town would de- 
sire to have a two-weeks^ course given in the construction of 
roads, concrete culverts, etc., at Madison, somewhat after the 
plan of the two weeks' farmers course now given every winter? 

253 yes, 379 no. 

Do you think any considerable portion of them would want 
to attend it? 

236 yes, 392 no. 

Would you think it advisable for the town board to pay part 
of their expenses to get them to go? 

342 yes, 304 no. 

19. Would you be in favor of having the next legislature 
appropriate money to have a careful study of roads made in 
every county and general plans made for their improvement; 
and for the purpose of instructing town officers and road over- 
seers in the best methods of using the funds they have to spend 
on roads, making standard plans for bridges, etc., and other- 
wise aiding the towns by technical advice? 

551 yes, 137 no. 
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Fig. 1. 




File. 2. 
Thejie two nhotoirraph.** r>h<>w roa<N which are locatixl alnnic the aides of valleys in 
Southwe<«tem \\ iMonnin, an<l the flcep cutii which are nece^nary to secure sood gndes. 
The valley at the left in hoth picture:* would have afTorded a location with natural gentle 
gmdea. 
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CONDITIONS OF WISCONSIN EOADS. 

From the inf ormation secured from the trip about the state, 
from general knowledge and from the letters just previously 
mentioned, it is evident that the conditions of Wisconsin roads 
vary in all degrees from good to extremely bad. In some road 
districts all tho principles of proper location, construction and 
maintenance have been sadly violated. In most road districts 
only the larger part of them have been violated. In almost no 
road district in the state has all the road work been done upon 
correct principles. If the road is properly constructed it is 
almost sure to be poorly maintained. However, conditions may 
be divided for convenience of description into poor and good 
conditions, the former being described first. 



BAD CONDITIONS. 

Poor location. As described on page 7 the first necessity 
for a good road is proper location. This is one of the requi- 
sites which many Wisconsin roads lack. Even in very hilly 
districts some attempt has been made to make the roads fol- 
low section lines. This condition of affairs is well stated in 
a letter which was received from a farmer in Burnett county. 
He says, "Another thing is laying out roads. This thing of 
following arbitrary lines and climbing hills at an angle of 
forty-five degrees will never give good roads. I have lived in 
hillier counties, but never had to climb such hills as where 
they lay roads on section lines.'^ 

One of the first results of this poor location is that money 
is used in attempting to cut down the steep hills and fill up the 
sharp depressions. In one case seen west of Bichland Center, 
which is shown in figs. 1 and 2, plate XI, a road followed along 
the side of a valley in approximately a straight line across the 
irregularities of the surface, which were quite sharp. This 
road was in comparatively good shape so far as grade was oon- 
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ccrned, but it had been made so by an almost continuous series 
of cuts and fills. This road was but a short distance from the 
valley bottom, where a right of way could have been purchased 
and a road witli less irregularity of grade constructed for a 
small fraction of what the cuts and fills on the present road 
must have cost 

The poor location of many Wisconsin roads also makes them 
subject to being washed out during heavy showers. The roads 
are so located with respect to drainage lines that it is almost 
imp'^^^siblc for the ordinary bridge or culvert^ as too often con- 
structed, to withstand the action of water for more than a very 
few seasons. 

Poor construction. In constructing a country road it is the 
common practice to heap the dirt up in the center together with 
such sods, weeds, and small brush as happen to be in the way, 
making a windrow in the center of the road which is very care 
fully avoided by all teams. The surface of the road is left 
soft and irregular with a fond hope that eventually it will pack 
down into a good solid road-led. This practice is followed 
for earth roads, and for gravel roads as welL 

Tlie result of leaving the sod and weeds in the middle of the 
road is to make the soil even more porous than it would be if 
the clean earth alone were thrown up by the grader, and as a 
consequence, when the teams are compelled to travel upon this 
high portion of the road by the impassability of the other parts 
it has become nothing more or less than a big sponge of decay- 
ing vegetable matter and soil. It is speedily floated to the sides 
of the road and ruts formed which hold water and rapidly dis- 
integrate tlie foundation. 

The throwing aside of the sod and similar material and the 
use of a common harrow to level the surface will benefit most 
newly constructed earth roads. If a roUei* is available, earth 
roads can bo made very good to start with without waiting for 
travel to pack them doAvn, but under present circumstances the 
idea that a new road is always a bad road is very decidedly 
justified. 
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Fig. 1. A flat-topped clay road in Clark county. Thelnits appearing ii 
I wheelj.trackB in a thick layer of dust. 




Fig. 2. Flat-topped clay road.in Garklcounty'sho^Vni^Yio'w i>>i^Vi «i t^mA tv 
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Clay road covered with gravel which itf left just as dumpeil by the wagons, with no 
attempt to npread it, bo that teams can drive over it. 
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Figs. 1 and 2, plate XII, give pictmes of a road wliich is 
constructed so that its cross section is like that indicated in fig. 
6, plate IV.) This type of construction has altog ther too flat a 
top, the result being that as soon as the road is worn a little bit 
in the middle the water has no means of running to the ditch, 
and the middle of the road therefore catches and holds aU the 
water which falls upon it and the ditches are of no use. The 
same road is shown in fig. 2, after it has been wet and cut up 
by the traffic 

Plate Xni, gives a ;, icture of a gravel road which 
had been constructed for about a month. On the day 
visited it consisted of two very soft muddy tracks on either 
side of & heap of gravel about two feet high and with such 
steep sides as to make it dangerous to drive across, to say 
nothing of attempting to drive lengthwise over it. The teams 
had traveled on both sides of this road and will continue to 
do so imtil compelled by the absolute impassability of the rest 
of the road to use the graveled way and pack it down. This 
gncfei oould have been spread out even roughly, and at very 
sli^t expense, and made into a much more valuable improve- 
ment of the ioad« 

• Wlieii gravel roads are built without the use of a roller 
it is customary to let the teams beat down a single traveled 
way, and travel in that to the neglect of the uncompacted ma- 
terial outside of this traveled portion. Very much better re- 
sults and more permanent gravel roads can be constructed in 
this way if obstructions such as logs or boulders are placed — 
as some towns do at present — so that the travel is forced to 
beat new tracks until the whole road has been traveled upon 
and compacted. 

In laying culveils they are frequently built close to the 
surface of the road so that they are sure to be cut by wheels 
before they are a year or two old. They are left without any 
protection at the ends so that sooner or later the gradual wash- 
ing away of the soil will leave them unsupported, to fall and 
break. 
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Poor drainage. Belatiye to this subject the folbwing is 
quoted from a letter from a road supemsor: — "The country 
in general makes roads without ever trying to get water off 
them. For instance, I was road overseer on a new piece of 
road this year. The town board came along and told me they 
would let a job on a certain date on the swamp. As they were 
using the funds of my district without leave I said to make 
the outlet first and as much road ditch as the funds would al- 
low, hut they let the job on the road ditch and put off the out- 
let until some other time." There are probably not many in- 
stances of such flagrant disr^ard of the fundamental prin- 
ciples of drainage, but there is certainly a lack of attempt to 
see that the roads are properly drained. If one were to drive 
over almost any road in the state after a shower he would find 
several puddles and places where the water was running a- 
cross the road. 

Poor drainage and the consequent soft condition of the road 
are often times due to improper use of the grader in repairing 
the road. Secondary ditches are often made instead of the 
main ditches so that the water does not reach the main ditch 
to fiow away, but is left standing alongside of the road and 
near enough by, so that it can do considerable damage. A 
section of such a road is shown in fig. 8, Plate TV 

Lack of maintenance. Country roads are not alone in suf- 
foring from a lack of continuous maintenance, city streets 
being almost as badly off in this r^ard as are the ordinary 
roads. The chapter on maintenaL.ce shows thu good effect and 
desirability from every point of view of some system of main- 
tenance. The chief function of maintenance is to keep water 
out of the road. The effect of its lack is shown in the two 
fipni^es on plate XIV. The first ono shows a road which is or- 
dinarily very good, with a small amount of water standing in 
very shallow ruts and puddles. As the wheels of the vehicles 
pass through these puddles they continually cut them deeper 
until the water dries up. When the next shower comes the 
ruts are cut deeper still, until the water again dries out. After 
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Iijt. I- Saiiiiy Tinu\ in Trriiipealcau county covcre*! with whale, in which the iiandtitone 
w:i» l«'ft ill liiriie i»ioi'i*«*. 




VtK.2. (Iravol roml In Wa.ohiniEtnn cminty with mmI Mini roar.-o {Travel heai>ed in the 
renter with the roR«| machine. 
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a very few showers the road gets to be in the condition shown 
in the second figure. But a very few cents expended in using 
s split log drag would have sufficed to fix up the road shown 
in the first figure so that the water could not stand on the sur- 
face, and the rapid deterioration of the road to the condition 
shown in the second figure entirely stopped. The road in the 
second figure is almost bad enough to require reworking with 
the grader at a cost of $15.00 to $30.00 per mile, where a dollar 
would have fixed a mile if it had been done when the road was 
in the condition shown in the first figure. 

The two photographs on plate XV show roads which could 
have been kept in extremely good condition with a very slight 
amount of attention and which were both quite bad on account 
o." th^ lack of this attention. The first one is a sandy road 
wliich has been covered with ehale in which large pieces of the 
sandstone were left. If a littje trouble had been taken in 
order to secure shale free from sandstone blocks this would 
have made an excellent road. 

The second figure shows a road which was built through a 
natural gravel pit The gravel had been turned up from the 
sides towards the center with a road machine, but the sod had 
been piled up with the gravel so that it made a bad ridge a- 
bont a foot in height all along the middle of the road. ISo at- 
tempt had been made to throw the large loose stones off the 
road, and as a consequence it was very rough. 

It is a continual surprise to any one who has never seen any 
system of maintenance practiced to see the good effects pro- 
duced at a very small cost In the last road described much 
benefit would result to the road if while it was moist a split 
log drag were used upon it In some places the sod would be 
too tough for the drag to take hold upon it and it might be ne- 
cessary to clean the sod off with a road machine, but if the 
ground were thoroughly moist the split log drag, if run so as 
to drag the material to the side of the road, would clear off 
most of the sod and all of the loose pebbles. If this were done 
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it would be a pleasure to travel over such a road instead of 
being a discomfort 

Politics in road work. One thing which has interfered 
materially with good road work in Wisconsin is very well ex- 
pressed in a letter received from a farmer by the Maryland 
Highway Division. He stated that in his county "they mix 
politics and large rocks and have no good roads/' If this con- 
dition were confined to Maryland we should have abundant 
reason to congratulate ourselves, but in the blank headed, *Tlo- 
marks on Local Conditions" in the questions sent out to 2000 
farmers of the state, there is a very l&rge number of replies 
indicating that politics and roads are pretty intimately mixed 
in Wisconsin as well as Maryland. Statements of the charac- 
ter of this — 'any good friend of our town chairman can be- 
come overseer no matter whether he knows whether the road 
is to bo made with a spade or a needV — are conunon. One 
man makes the statement that ia His town *the ofioe of highway 
coHMnissioner is one of the strongest means of working politics 
that there is, and that the oflSce of highway conmiissioner is 
given to the strongest workers for the officers elected. By the 
cancelling of poll tax, and returning the highway tax to th<» 
town clerk as worked out, when, as a matter of fact, the tax 
payer has worked but a small part of his tax on the road, and 
by similar practices, the highway oflBcers are enabled to keep 
strong friends for elfxjtion day.' Such statements of conditions 
as the last are not taken from irresponsible people but are sober 
sane expressions of opinion of persons who are interested in a 
proper application of their tax money. 

GOOD CONDITIONS. 

Previously we have been discussing the bad conditions in the 
Wisconsin highway situation. It must not be understcjd, from 
this however, that liera is no fi:oOil to be found, no highway 
commissioners who are using proper methods, and no public 
interest in the construction of good roads. Many highway 
commissioners are beginning to show a keener interest in pro- 
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per methods of construction and the people who pay for the 
roads are beginning to show a public spirit that is very promis- 
ing for the future. 

In several coimties of the state the people in the cities and 
the surrounding towns are cooperating to build good roads. 
The city and town of Baraboo have been doing especially good 
work along this line. They have taken advantage of the law 
whicii :equires the oonnty to pay half of the cost of road on- 
struction. The following quotation from a letter from the 
clerk of the town of Baraboo illustrates the plan which they 
have followed: — 

"In 1903 we purchased & stone crusher and began in earn- 
est the permanent improvement of our highways. Our plan 
is to each spring voto an appropriation of $1,000.00 for this 
purpose, said appropriation to be used with an equal sum 
from the county, as provided by Chapter 312, Laws 1901. 
The section of the road to be improved is decided upon and the 
expense of grading provided for by the following condition 
which is always attached to this appropriation, viz., 'that it 
shall go to the main traveled highway leading into the city of 
Baraboo that will raise the largest cash subscription for perma- 
nent improvement, provided said subscription is not less than 
a thousand dollars.' So far the subscriptions have run from 
<1,500.00 to $2,500.00 per annum. 

Enclosed you will find a crude plat of the town which shows 
you how our highways center in the city of Baraboo and how 
the stone roads are radiating from the city. The city meets us 
with macadam when we come to the city limits with a stone 
road. All work is done upon a cash basis and usually under 
the immediafie direction of the superintendents. The super- 
intendents report to the chairman every week; bills are paid 
every two weeks. Some portions of work are sometimes let 
by contract to the lowest bidder. 

Touts truly, 

Franklin Johnson." 
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Other towns in the state are working on plana somewhat 
similar to that used in the town of B&raboo. In Lafayette 
county one town is preparing to take np a comprehensive 
scheme of road improvement, outlining a certain amonnt of 
work and attempting to accomplish some part of it each year. 
In Eacine county one town appointed a special commissioner 
to investigate road conditions and determine the beet methods 
of construction to apply to their town and map out a course 
of work that should be followed through ft term of years. In 
Waukesha and Milwaukee counties much good work in build- 
ing permanent roads has been done and, in tact, from Door 
county south to the state line some very good roads have been 
built with the abundant gravel which is foimd almost every- 
where in that part of the state. Plate XVI shows ft good 
gravel road and a permanent stone culvert built in the eastern 
part of the state. 

In concluding this chapter on Wisconsin conditions I would 
state as a general fact, true in the main throughout the state, 
that the people are not suffering from extremely bad roads, but 
they are enduring moderately bad roads when (he money which 
they are paying rs sufficient, if properly handled, to pay for 
good roads. 
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Fig. 1. A good gravel road in Sheboygan county. 




Fig, Z Good permanent stone culvert in the town oi 'Ws.b*V«k,^«AVi\Tv^oTv toxxwvj. 
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CHAPTER IL 



ROAD LAWS AND CONDITIONS IN OTHER 
STATES. 

In any county or state where there is considerable interest 
in building good roads or where good roads have been built, 
such conditions have been brought about by control of the high- 
ways by some large unit of government. In Europe the roads 
are for the most part constructed and cared for by the national 
and provincial governments, only short local stretches off the 
main lines of travel being left to neighborhood control. In this 
country wherever any extensive movement for the construction 
of permanent highways in rural districts has developed it has 
been under state control.. At present twenty-two states have 
some form of state control and state aid for road building. The 
movement for state control was not started until 1891 — 15 
years ago — and fact that it has been in this comparatively 
short time adopted in nearly half the states of the Union is a 
strong indication of the favor with which it has been received. 
Wisconsin is the only state north of the Ohio river and east of 
the western boundary of Minnesota and Iowa which has not 
yet adopted such a system. 

In view of the lively interest which the people of Wisconsin 
are beginning to take in road matters, and the probability that 
this interest will ultimately lead to state control and state aid 
for building country roads, digests of the laws adopted by 
some of the states are given in order that their experience may 
7 
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be used as a guide. The outlines of the plans of the different 
states are largely taken from Bulletin No. 4 of the Ohio High- 
way Commission. However copies of the laws have be^i di- 
rectly referred to, particularly in the case of New York, New 
Jersey, Michigan, Iowa and Minnesota. 

The various provisions of the laws are collected under the 
following heads in order to facilitate comparisons. 

1. Date of beginning of state aid and general duties of State 
Highway OfBcer. 

2. Right of petition for state aid. 

3. The oflficer or body petitioned. 

4. Total state aid fund. 

5. Limitations on state aid. 

6. Apportionment of the cost of state aid roads. 

7. Manner of doing work under state aid. 

8. Securing right of way. 

9. Duty of making surveys. 

10. Repairs and maintenance of state aid roads. 

11. Machinery furnished by state. 

12. Powers of state highway officer. 

— over road supervisors. 

— over distribution of state aid fund. 

— over maintenance of state aid roads. 

— over street railways on state aid roads. 

— over automobiles, bicycles, etc. 

— to compel town and county officers to furnish uniform 
detailed accounts of highway and bridge expendi- 
tures. 

13. County Supervisor for roads. 

14. Legal width of roads built by state aid. 

15. Wide tire laws. 

16. Public meetings of local highway officials. 

Where any of these heads is omitted in describing liie con- 
ditions in any state the inference to be drawn is that there is 
no law in regard to this. The laws of New Jersey, Massa- 
chusetts, New York end Maryland are given in special full- 
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ikjss as these are the states which have had most experience 
with this plan and whose laws are the outcome of more ex- 
tended practical knowledge of the problems arising in connec- 
tion with state aid. 



NEW JERSEY. 

B. C. HxrrcHiNSON Commissioner of Public Roads, 

R. A. Mekkeb. State Engineer and Supervisor. 

In a list of states aiding the building of country roads New 
Jersey is given the first place as it was the first state to adopt 
such a plan. The movement for state aid was started there 
shortly after 1872, due to the efforts of the Board of Agricult- 
ure. In 1891 the first state aid law was passed by the legis- 
lature. It provided for the construction of improved roads 
and promised state aid for this purpose to the amount of one- 
third the cost of construction. This early law has been 
modified by almost every successive legislature and an in- 
creasing amount of money appropriated at each session. 

Date and duties. In its final form the road law of New 
Jersey is the product of the Legislature of 1905, 

The right of petition. The right of petition lies in the gov- 
erning body of any township, town, borough, village, or of any 
municipality governed by a board of commissioners. Such 
governing body may be petitioned by the owners of two-thirds 
the linear frontage on any public road asking them to request 
state aid for that road. 

The office or body petitioned. State highway commission. 

Total state aid fund. Since the passage of the state aid law 
New Jersey has built roads each year to the amount given in 
table below. The total cost given includes state, county and 
town money., 

1892 10.55 mUes costing 161,985.55 

1893 27.84 miles cosUng 218,194.89 

1894 32.28 miles cosUng 224,088.12 

1895 46.33 miles costing 320 J7Q.^^ 
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1S96 60.82 miles cosUng 331,615.78 

1897 66.665 miles coeUng 342,166.68 

1898 84.554 miles costing 319,777.64 

1899 114.4b miles costing 478,628.39 

1900 75.782 miles coeUng 489,641.20 

1901 109.376 miles costing 511,644.96 

1902 154.745 miles costing 794,033.86 

1903 152.92 miles costing 832,546.38 

(904 107.717 miles costing 820,521.74 

Total 1,043.529 miles cosUng 5,745,516.28 

The cost of roads has ranged from $1,554 per mile (for a 
gravel road) to $25,500 per mile, averaging $5,505 per mile. 
The cheapest macadam road cost $4,282 per mile. 

The annual state appropriation at present is $250,000.00 
with $400,000 as the limit to the amount of statfe funds which 
can be appropriated in any one year. 

Limitations on slate aid. State aid is extended on the same 
terms to all political units in the state excepting cities. 
The limitation to the amount of contracts which can be let in 
any county depends on the tax rate and is % of 1% of the 
assessed valuation for the preceding year. 

Apportionment of the cost of state aid roads. The state pays 
33^3%, the petitioning unit pays 66%% in case it is not 
the land owners who petition. If the land owners petition the 
state pays 23%%, the land owners 10% and ihe town or 
county pays 66%%. 

Manner of doing work under state aid. All work is done 
by contract, bids being advertised for by the board of county 
commissioners. All bids are subject to the approval of tlie 
state highway commission. 

Duty of making surveys. All surveys for proposed im- 
provements are made under the direction and at the expense 
of the county board of supervisors but no survey is made with- 
out the consent of the state highway commissioner. This is 
to prevent the making of useless surveys. Copies of surveys 
must be deposited with the state highway commission. 
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Repairs and maintenance of state aid roads. The county 
board is required to keep in good repair all roads improved 
under the act providing for state aid and can be compelled to 
do this by mandamus proceedings instituted by any freeholder. 

Powers of state highway officer — 

— over road supervisors. The state commissioner has full 
power to appoint whom he sees fit as overseers of construction 
for roads receiving state aid. These supervisors were origin- 
ally to be paid by the county but the law of 1905 requires them 
to be paid by the state alone. The state highway commissioner 
may summarily dismiss such supervisors whenever he thinks 
they are incompetent or inefficient 

— over distribiUion of state aid fund. The annual state 
appropriation is distributed among the counties by the state 
highway commissioner in such a manner as to him seems fair 
and equitable. When petitions filed call for more aid than the 
annual amount of appropriation, the Governor and the com- 
missioner apportion the sum amongst the counties in propor- 
tion to the cost of the roads constructed therein for each year. 

— over maintenance of state aid roads. The local super- 
visors having charge of the maintenance of roads built with the 
aid of the state can be discharged by the state commissioner 
when their work is not properly done. 

County supervisor. After the first state aid road is built 
the county board of supervisors must appoint a county super- 
visor of roads. 

Wide tires, A rebate in road taxes may be given by the 
town for all tires over 4 inches in width. This rebate must not 
exceed $1.00 for each wheel. 
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MASSACHUSETTS. 



W. E. McClixtock ^ 

John H. Manning >. Highway Commiuion. 

Habold Pabkbb 



J 



Date and duties. In 1892 the legislature passed a law under 
which the Governor with the advice and consent of the council 
appointed throe persons as a highway commission. This com- 
mission was to investigate matters of road construction and 
maintenance, find cost of the same^ investigate the geology of 
the state in relation to road materials, and to prepare maps 
and plans showing routes rec(»nmended for improvement. In 
1894 the scope of the commission was enlarged by requiring 
them to compile statistics relative to roads and to famish 
engineering service and advice to towns and oountieB desir- 
ing it. ' .^ 

Right of petition for staie aid. Anj city, county, or town 
can petition to have a road taken in charge by the state. 

Whom petitioned. State hi^way cemmiBsion. 

Total state aid fund. The first appropriation for the state 
aid fimd was $4,000.00. The next year this was raised to 
$300,000.00 and reached a maximum of $800,000.00 in 1897. 
Since then the annual appropriation has been $520,000.00 to 
$550,000.00. 

Limitations on state aid. Any town, city, or village may 
receive state aid. No county may have state aid in any one 
year for the construction of over 10 miles of highway. 

Apportionment of the cost of state aid roads. The state pays 
the whole cost but the coimty must repay one quarter within six 
years of the time of construction. 

Manner of doing work under state aid. The work is done 
imder contracts let by the state commissioner. The county or 
town petitioning for the road has the right to put in a non- 
competitive bid on the construction. This privilege was ex- 
tended in order that towns might by this means be influenced 
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to provide themselves with proper equipment, and by building 
roads under the supervision of the state commission learn how 
to groperly construct them and so be in a position to go ahead 
independently and build other roads beside state aid roads. 

Duty of making surveys. The surveys must bo made by the 
body petitioning for state aid and copies of the surveys must 
be filed with the petition. 

Repairs and maintenance of state aid roads. The mainte- 
nance of state aid roads is in charge of the state highway 
commission. The expense of maintaining state aid roads to a 
maximum of $50 per annum is borne by the towns. All costs 
above this are paid by the state. 

Machinery furnished by the state. Under certain restrio- 
tions county commissioners will be furnished by the state with 
such steam rollers, crushers and other road machines as the 
commission may deem necessary. 

Powers of state highway officer — 

— over distribviion of slate aid fund. The apportionment 
of the amount of road to be constructed in the different coun- 
ties rests entirely upon the decision of the highway commission 
and is limited to ten miles in one county unless the governor 
and council approve. 

— over street railways on state aid roads. The highway 
commission has jurisdiction as to digging up or placing any 
structure upon state aid roads* 

— over aviomohiles, bicycles, etc. Authority and jurisdic- 
tion as to registration and other matters relative to the use of 
automobiles and motor cycles was given to the ccnnmission by 
the legislature of 1803 and amended in 1905. Annual rev- 
enue to the state from this law is about $50,000.00. 

— to compel town and county officers to furnish uniform 
detailed accounts of highway and bridge expenditures. Au- 
thority to compel the local road authorities throughout the 
state to furnish information r^arding public roads and 
bridges is given to the commission*^ 
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Width of road built by state aid. State roads are built from 
12 to 18 feet in width of hard surface. 

Public meetings. The commission is required to hold each 
year at least one public meeting in each coimty for the discus- 
sion of questions relating to public roads. 



VERMONT. 
CuABLES W. Gates State HighuHiy Commissioner. 

In 1892 the general assembly authorized the appointment of 
a commission to make an examination of the highway system 
of the state and report upon it to the next legislature. One 
sentence of this report is quite significant. "A large propor- 
tion of the highway tax of this state is expended in repairing 
damage done to hill roads by storm waters." 

Date and general duties. In 1894 the commission was made 
permanent and the duty laid upon them to investigate modem 
methods of road building. 

Total state aid fund. A state tax of five cents on each dol- 
lar of the "grand list" was levied. The "grand list" is about 
1% of the assessed value of the property so that the tax amounts 
to about 1/20 of 1%. In 1904 this amounted to $91,795.00. 

Apportionment of the cost of state aid roads. Funds are 
distributed to the localities in proportion to their road mileage. 

Powers of state highway officer — 

— over road supervisors. The state highway commissioner 
has supervision — through the town commissioner — of expeu- 
ditures of all state appropriation for highway improvement. 

Public meetings. Meetings of local road commissioners are 
held tliroughout the state each year. 
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CONNECTICUT. 
James H. MacDonau) State Highway Commissioner. 

Date and general duties. In 1895 the general assembly pro- 
vided for the appointment of three highway commissioners. 
The demands by the towns for state aid have been so far in ad- 
vance of state appropriations that in 1905 the requests were 
scaled down to 37% of what was asked for in order to bring 
them within the amount appropriated. This large amount of 
state aid requested is no doubt due to the fact that the state 
pays such a large proportion of the cost. 

Right of petition for state aid. Any town can petition for 
state aid. 

Whom petitioned. The highway commission. 

Total state aid fund. The first annual appropriation in 
1895 was $75,000.00. In 1897 it was increased to $100,000,00, 
in 1899 to $175,000.00. In 1901 the annual appropriation 
was increased to $225,000.00. 

Limitations on state aid. Only towns are benefited by state 
aid. The limit of state money to be expended in any town 
in one year is $4,500.00. The money is divided in proportion 
to the amounts requested. ■ 

Apportionment of the cost of state aid roads. At first the 
state paid %, the county % and the town % of the cost of 
construction. This has been so amended that the state pays 
% of the cost when the assessed valuation of the town exceeds 
$1,000,000.00 and % when it is below $1,000,000.00. 

Manner of doing work under state aid. Work is done by 
contract and the specifiations are prepared by the state high- 
way commissioner. The town authorities have joint power 
with the highway commissioner as to approval of bids and con- 
tracts. All work under a limit of $1,000.00 may be built by 
the town without advertising for competitive bids. 

Duty of making surveys. The surveys were originally to be 
prepared by the town board, but the legislature of 1905 gave 
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tlio authority for making surveys into the hands of the state 
commissioner. 

Repairs and maintenance of state aid roads. The mainten- 
ance of roads constructed by state aid is left to the towns. 

Machinery furnished by state. The highway comuiissioner 
is given authority, when he and the selectmen deem it wise, 
to purchase stone crushers for use in towns remote from rail- 
road facilities. 

Powers of state highway officers — 
— over road supervisors. 

The state highway conmfiissioner has the power to appoint in- 
spectors of construction who are paid by the stata 
— over distribution of state aid fund. 

Tlie commissioners are given discretion as to the granting of 
state aid for improvements costing less than $500.00. 
— over maintenance of state aid roads. 

In case the selectmen of the town neglect to make needed re- 
pairs on state aid roads after a month's notice, the hij^w&y 
commissioner has authority to take charge of the xnaiatenance 
of the road and to make the needed repairs. 

NEW YORK. 

Henry A. Van Alsttne State Engineer and Surveyor 

EDMvm F. Van Hovseic Deputy State Engineer tmd Bwrveyor. 

Date and general duties. In 1898 the New York legisla- 
ture passed a bill known as the Higby-Armstrong Good Roads 
Law. Under this law the state engineer was instructed to 
investigate methods of road construction and determine the 
best methods for the various sections of the state. He was 
required to furnish advice relative to the improvement of the 
roads free of charge to highway oflScers and other interested 
persons. 

Right of peliiion for state aid. The right to petition for 
state aid lay originally with ike board of supervisors of any 
county but was later extended to a* majority of the owners of 
linear frontage on any road. 
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Whom petitioned. The state engineer. 

Total state aid fund. The first appropriation for state aid 
was $50,000.00. This appropriation rapidly grew nntil in 
1904 $1,108,266.00 were expended by the state. The counties 
met this expenditure with a total expenditure on their part of 
$2,032,855.00. 

Apportionment of the cost of state aid roads. One-half the 
cost of state aid roads is paid by the state. The other half 
is distributed as follows : in case the movement originated with 
the county it is required to pay 35%, and 15% is paid by the 
township. In case the petition originates with the property 
owners the county pays 35% and 15% is assessed upon the 
lands benefited in proportions determined by the town assessors. 
The construction of the roads is carried on in the order of re- 
ceipt of the final resolution of approval. 

Manner of doing work under state aid. Work is dcme under 
contracts let by the state engineer. By law 10% of the monthly 
estimates is retained from the contractor until the work is com- 
pleted satisfactorily. It is also provided that after a county 
board has once passed a resolution appropriating money for a 
road such resolution can not be rescinded. Any town or county, 
through its supervisors, mayf bid on the constructicHi of any 
piece of road within its territory. 

Securing right of way. The county board is required to se- 
cure the right of way for the proposed improvement. 

DiUy of making surveys. Surveys and maps are made by 
the state engineer. 

Repairs and maintenance of state aid roads. The mainte- 
nance of improved highways is in charge of the supervisors of 
the county. 

Powers of state highway officer — 
—over distribution of state aid fund. 

The state engineer is empowered to withhold funds due to 
the oountiee when they have not taken proper care of the roads 
already built for them with state aid. 
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— over maintenance of state aid roads. 

In the event of neglect by the ooxmty commissioners to keep 
htatc aid roads in proper repair, the state engineer is empow- 
ered to cause such repairs to be made at the expense of the 
county. 

— over street railways on state aid roads. 

The use of state aid roads by street railways is under the 
regulation of the state engineer. 

— to compel town and county officers to furnish uniform 
detailed accounts of highway and bridge expenditures. 

The state engineer is given authority to demand information 
from local road authorities with which to compile the statistics 
which he is required to make up. 

County supervisor. When state aid roads have been built 
in any county the state engineer may at his discretion refuse 
to grant petitions for any further state aid until the county 
board shall have appointed a county engineer. Such coimty 
engineer must forward to the state engineer reports on the con- 
ditions of the highways in each town of his county. He has 
charge of the work of repairing roads, constructing and re- 
pairing bridges, and is required to make surveys and maps of 
the roads in his county. 

Width of road built by state aid. State aid roads have an 
improved surface of not less than eight feet nor more than six- 
teen feet. 

Public meetings. The state highway engineer is required 
to hold at least one public meeting in each coimty every year 
for the discussion of highway questions. 

After the passage of this law the demand for state aid from 
the various counties increased very rapidly. It soon became 
evident that no appropriations consistent with the ordinary 
revenues of the state would be suflScient to provide the aid re- 
quested. As a consequence the legislature of 1903 passed a 
resolution to amend the constitution permitting the issuing of 
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$50,000,000.00 in bonds for the purpose of obtaining funds 
for highway construction. This was concurred in by the 1905 
l^slature and approved by the people at the general election 
of 1905 by an overwhelming majority. This resolution pro- 
vides that the bonds shall be issued only as required aod also 
provides for a sinking fund of at least 2% per annum aside 
from the interest. Such an enormous debt imposed upon the 
people by themselves by a great majority of the votes cast is 
a strong proof of the good which the people of New York con- 
ceive to have been done by money appropriated by the state 
for highway purposes. 

MAKYLAND. 

WliLLiAM Bullock Cla^rk Superintendent and State Geologist. 

Walter W. Cbosbt Chief Engineer. 

Date and general duties. In 1898 the general assembly 
passed a law providing for the investigation of road construc- 
tion in Maryland. The work was placed in charge of the state 
geological survey commission. They are charged with the 
distribution of literature and giving of lectures upon road sub- 
jects and making of tests upon road materials. 

Right of petition for state aid. The right of petition lies 
in the county boards of commissioners. The owners of % 
the linear frontage on aoy road of not less than a mile in 
length may petition the county commissioners. If these peti- 
tioners bind themselves to pay 10% of the cost of the road the 
county commissioners are required to petition for state aid. 

Whom petitioned. The highway commission. 

Total state aid fund. The sum of $200,000,000 is annually 
appropriated for state aid in highway construction. 

Limitations on state aid. The county commissioners can 
not be required to expend on state aid roads more than 25% 
of the road levy of the coimly. 

Apportionment of the cost of state aid roads. The amount 
of state aid in any county is proportional to the road mileage. 
The state pays one-half the cost of construction. If any county 
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does not avail itself of its share such share is reapportioned 
among the counties desiring it. 

Manner of doing work under state aid. The work is done 
under contracts let by the county commissioners, but if bids 
are too high they may build in some other manner. All con- 
tracts are subject to the approval of the state highway eng- 
ineer. 

Securing right of way. State aid appropriations are not to 
be used for the purpose of acffuiring the right of way for any 
road improvement. 

Duty of making surveys. Surveys and specifications are 
prepared by the state commission. 

Repairs and maintenance of state aid roads. The counties 
are responsible for the repair and maintenance of state aid 
roads. Such repairs must be satisfactory to the state commis- 
sioner and the county oflicers can be compelled by mandamus 
proceedings to keep the roads in proper condition. 
Powers of state highway officer — 

— over road supervisors. The immediate supervision of the 
work is in charge of the state commission and supervisors are 
paid out of the state appropriation. 

— over distribution of state aid fund. The highway commis- 
sion can withhold state aid funds from coimties not complying 
with their requirements. 

— over maintenance of state aid roads. State aid roads must 
be maintained in a manner satisfactory to the highway com- 
mission which is empowered to withhold funds if the work is 
not satisfactory. 



MAINE. 
Paul D. Sargent Commisiioner of Highwajft. 

Date and general duties. The first state aid law was passed 
in 1901. In 1905 a law requiring the appointment of a state 
highway commissioner was passed. This commissioner is 
required to compile statistics on roads, conduct investigations 
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relative to roads, distribute maps and publications, and by 
lecturing and otherwise to disseminate knowledge throughout 
the state on the subject of road construction and maintenance 
and also concerning bridges and side walks. 

Right of petition for state aid. The oflBcers of any city, 
town, or organized plantation may petition for state aid. 

Whom petitioned. Petitions are made to the board of 
county commissioners who petition the secretary of state. 

Total state aid fund. The first appropriation for state aid 
was $15,000 00 in 1902; in 1903 this was made $20,000.00 
and in 1904 it was increased to $40,000.00. 

Limitations on state aid. Towns and cities may receive 
state aid for construction of any piece of work costing more 
than $100.00 and less than $300.00. 

Apportionment of the cost of state aid roada. The state 
pays l^ the cost of improvments whose cost is within the limits 
named in the last paragraph. 

Manner of doing work vnder state aid. The manner in 
which work shall be done is left to the choice of the towns and 
counties. 
Powers of state highway officer — 

— to compel town and county officers to furnish uniform de- 
tailed accounts of highway and bridge expenditures. All 
township and coimty officers are required to furnish informa- 
tion upon request to the commissioner of highways. 

Wide tires. The town may remit not over $3.00 of road 
tax to users of 6 inch tires. 

Pvhlic Meetings. The highway commission is required each 
year to hold a meeting in each county of the state for the dis- 
cussion of questions pertaining to the highways. 
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PEKN^SYLVANIA. 
Joseph W. Hunteb Highway CommiSMioner, 

Date and general duties. In 1903 the state highway de- 
partment was formed by the legislature of the state. The de- 
partment was charged with the compilation of statistics and 
information as to the mileage^ character, and condition of the 
state highways. Methods of road construction were to be in- 
vestigated and standards established. Advice and informa- 
tion was to be furnished free of charge to road officials when- 
ever required. 

Right of petition for state aid. The township supervisors 
with the approval of the majority of the assessed valuation of 
real estate can petition coimty commissioners and through the 
courts compel the county commissioners to petition for state 
aid. 

Whom petitioned. The state highway departmailL 

Total state aid fund. The total sum of $6,500,000.00 was ap- 
propriated at the time of the formation of the highway depart- 
ment. Of this sum $500,000.00 was available during each of 
the first two years, $1,250,000.00 the third year, the same for 
tho fourth year, and $1,500,000.00 each in the fifth and sixth 
years. 

Limitations on state aid. State aid is appropriated among 
tho counties in proportion to the road mileage. If any part of 
the apportionment for a county is not applied for within two 
years, it is to return to the state treasury and be reapportioned. 
State aid is limited to highways outside of the corporate limits 
of any city or borough. 

Apportionment of the cost of state aid roads. Of the total 
cost of the improvement two-third is to be paid by the state, 
ono-sixth by the coimty and one-sixth by the township. This 
was later amended so that the state is required to pay three- 
fourths of the total and the town and county each one^ighth. 
Roads which pass through boroughs and connect state aid roads 
may receive aid to the extemt of three-fourths of the cost. 
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Manner of doing work under state aid. The state commis- 
sioner is empowered to advertise for bids and let contracts 
without consulting the local oflBcials. All contracts are to be 
signed by the state highway commissioner and approved by 
the attorney general. 

Duty of making surveys. Surveys and estimates of cost are 
made by the state highway department. 

Repairs and maintenance of state aid roads. 10% of the 
total state appropriations for state aid is set aside for mainten- 
ance. 
Powers of staie highway officer — 

— over automobiles, bicycles, etc. The highway department 
is charged with the duty of issuing all automobile licenses in 
the state. 

— to compel town and county officers to furnish uniform de- 
tailed accounts of highway and bridge expenditures. The 
highway department is authorized to demand reports upon 
road conditions from all local road oflBcials. 

MICHIGAN. 
Horatio S. EIabub. State Commissioner of Highways. 

Date and general duties. An amendment to the state con- 
stitution was submitted to the voters in April 1905 and adopted 
by a large mEJority. This amendment enabled the state to 
appropriate money to aid in highway building and the legisla- 
ture thereupon passed a law creating a highway commission. 

Right of petition for state aid. Towns or counties may 
petition. 

Whom petitioned. The state highway commission. 

Total state aid fund. The first appropriation for the year 
of 1905 was $30,000.00 and $60,000.00 was appropriated for 
1906. $10,000.00 of each appropriation is available for run- 
ning expenses of the oflSoe of the commissioner. 
8 
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Limitations on slate aid. The law is intended to benefit 
country roads alone. Not less than one or more than two miles 
of road in any one towTiship is eligible for state aid in one year. 

Apportionment of the cost of state aid roads. This state has 
a unicjue plan for tlie application of state aid. Set specifica- 
tions for diflForent types of roads are drawn np.. Any town 
or coimty may go ahead and build such a road and if the 
specifications are followed the town or county is entitled 
to a certain "reward". This "reward'' is so adjusted as to be 
approximately one-third of the cost of the road. The specifi- 
cations for the diflForent roads arc roughly as follows: maximum 
grade 6%, width not less than 18 feet between ditches, properly 
drained, and having a hard wagon track not less than 9 feet 
wide made in two courses. A road with 5 inches of gravel on 
clay and sand calls for a reward of $250.00 per mile. One with 
eight inches of gravel applied in two layers calls for a reward of 
$500.00 per mile. One with three inches of gravel on four inches 
of crushed stone, or three inches of crushed etone on four inches 
of gravel calls for a reward $750.00 per mile. Macadam roads 
not less than nine inches thick laid in two courses call for a 
state reward of $1,000.00 per mile. 

Repairs and maintenance of state aid roads, Repairs are 
left in the hands of local authorities. 
Powers of state highway officers — 

— over distribution of state aid fund. The decision as to 
whether a road is built well enough to merit the state reward 
is entirely in the hands of the commissioner. 

County supervisor. Upon vote of the people any county in 
the state can adopt the county highway system. The county 
board of highway commissioners, not exceeding five, is elected 
by the people and the term of oflBce is a certain number 
of years proportional to the number of commissioners. If 
there are five commissioners, one is elected for two years, 
one for four years, one for six years, one for eight years and 
one for ten years and after that each commissioner shall be 
elected for the full term of ten years. If there are two com- 
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missioners the term of oflBce is four years with terms arranged 
in a corresponding manner. The board of supervisors fixes 
the compensation of such commissioners. This board of 
county commissioners may lay out new roads, change the width, 
or straighten the line of any road. They may take any road 
they choose as a county road upon notifying the township high- 
way commissioner, and are given authority to "grade, drain, 
construct gravel or macadam, or to place thereon any other 
form of improvement which in their judgment may be best, 
and may extend and enlarge such improvements. They shall 
have authority to construct bridges and culverts on the line of 
such roads and to repair and maintain such bridges and cul- 
verts." They determine the amount of tax to be raised for 
coimty highway purposes each year, which, however, may not 
exceed a limit of two mills on the dollar tax of the assessed val- 
uation. 

This county system has been very efficient and useful in 
Michigan. The highway commissioner made the statement 
that he would be pleased if all counties in the state were under 
this law as much better work was done and more interest was 
taken in highway questions. 

Width of road built hy state aid. State reward roads are 
not less than nine feet wide. 

Wide tires. On affidavit to the effect that all loads over 
800 pounds have been hauled on tires of 3 inches or wider, a 
rebate is granted of y^ of the road taxes, the total rebate not 
to exceed 3 days of road work to any one person. 

Public meetings. The highway conunissioner is required to 
hold meetings in each county at least once each year. The 
presence of town and county highway officers at these meetings 
is required, and their time and expenses at the rate paid when 
they are working upon the roads are to be paid by the towns 
which they represent. 



Ug RURAL HIGHWATB IN WIBOONBIN. 

IOWA. 

A. Mabston Dean of Engineering, Amea College, 

C. P. CuRTiss Dean of Agriculture, AmeM d^llege, 

F. H. Mactonald A98i8tant in Charge of Roadt, 

Date and general duties. In 1904 .the Iowa legislature 
passed a law appointing the State Agricultural Collie at Ames 
as the highway commission. The duties of the commission 
were defined as "the devising and adopting of plans for high- 
way construction and maintenance suited to the several needs 
of the different sections of the state." For the education of 
highway officers and students the commission was directed to 
carry on practical demonstrations of road construction, as well 
as to disseminate knowledge on the subject in any other feasi- 
ble way. They were also directed to afford supervision by 
practical road builders for road demonstration and road work. 

Total state aid fund. No money is appropriated for state 
aid in road building, but $5,000 per year is appropriated for 
carrying on the work as defined in the duties of the commis- 
sion. This commission has been doing some good work al- 
though they have been very seriously handicapped by the lack 
of proper funds. 

Wide tires. Persons paying road taxes are entitled to a 
rebate of ^^ of their total tax not to exceed $5 to any one 
person, upon making aflBdavit before the town clerk that all 
loads of 800 pounds or over have been haxded upon tires at 
least three inches wide. 

The Iowa highway commission has done some very good 
work in making designs for standard forms of concrete culverts 
and bridges for use in the various parts of the state. Consid- 
erable of their work with r^ard to the use of concrete for high- 
way purposes is quoted on other pages. 
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ILLINOIS. 



ElDMUND J. James 

Joseph R. Pulkebson J. state Hightoay Commission. 

Lafayette Funk 

A. N. Johnson State Highway Engineer, 



,! 



Date and general duties. The Illinois highway commission 
was formed in 1905, consisting of three persons who serve for a 
term of two years. They are authorized to investigate methods 
of construction, materials and other matters relative to the con- 
struction of highways in the state and are to furnish advice 
to local authorities free of charge. 

Total state aid fund. $25,000 was appropriated for the 
expenses of the office and the construction of a few object lesson 
roads in different parts of the state. Illinois gives aid to local 
road authorities by furnishing free of charge stone which is 
crushed at the state prisons. Towns having such material 
furnished to them must make use of it according to the specifi- 
cations of the state highway engineer or have their supply cut 
off. 

Power of state highway officer to compel town and county of- 
ficers to furnish uniform detailed accounts of highway and 
bridge expenditures. All local highway officers are required by 
law to furnish the state highway commission with such infor- 
mation as it may ask for regarding local conditions. 



OHIO. 

Sam Huston ' State Highway Commissioner. 

Date and general duties. The seventy-sixth (Jeneral As- 
sembly of Ohio passed an act in 1904 establishing a state 
highway department. The state highway commissioner was 
appointed by the governor for a term of four years. As- 
sistants and office help were also provided for in the law. 
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The duties of the department were to investigate road building 
throughout the United States and road materials of Ohio, and 
to prei)arc and distribute bulletins and reports on the subject 
of road improvement. 

Bight of pciilion for state aid. County commissioners (or 
land owners through the county commissioners) can petition 
for state aid. 

The officer or body petitioned. The state highway depart- 
meut. 

Total state aid fund. No appropriations were made to carry 
out the provisions of the act in 1904, but an appropriation of 
$10,400 was made for 1905, of which $6,400 was for the oflSce 
expense and $10,000 for state aid. 

Limitations on stale aid. State aid money is dividcxl equally 
among the counties. 

Apportionment of the cost of state aid roads. Of the cost 
of permanent roads built with state aid, 25 per cent is paid 
by the state, 50 per cent by the county, 10 per cent by the 
towns and 15 per cent by the proj)erty fronting on the road to 
1)0 improved. 

Manner of doing work under state aid. All work is done by 
contract, bids bcung advertised for and contracts let by the 
highway department AU contracts are subject to the approval 
of the county commissi onr.s. 

Powerti of the slate highway officer to compel town and 
eouniy officers to furymh uniform detailed accounts of high- 
iray and bridge expenditures. Local road authorities are re- 
quired by law to furnish the highway department data as to 
mileage, cost, maintenance, condition and character of roads 
under their supervision. 

Wide tires. It is unlawful to haul more than 2,000 pounds 
on tires narrower than three inches. County commissioners 
are em})owerod to employ persons to see to the enforcement of 
this law. 
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MINNESOTA. 

Gu8Ta™ Scholle, President ^^^^^ ^.^^^^^ commUsion. 

Geobge W. Coolet, Secretary f 

Date and general duties. In April 1905 a law was ap 
proved providing for the appointment of a state highway com- 
mission consisting of three members who were to appoint a 
secretary not one of the three, who was to be a civil engineer 
and practical road builder and to be known as the State Engi- 
neer. The commission was directed to investigate and deter- 
mine the location of road materials in the state, ascertain the 
most improved methods of construction, investigate the most 
improved highway laws in other states, and make recommenda- 
tions as to the needs of the state in regard to roads and high- 
way legislation. The commission was directed to prepare 
rules for the construction of state roads. 

Right of petition for state aid. County boards are the only 
ones empowered to petition for the establishment of a state 
road. 

The officer or body petitioned. The state highway commis- 
sion. 

Total state aid fund. An annual tax of one-twentieth of a 
mill on each dollar of assessed valuation was provided as the 
state road and bridge fund. This amounts to about $80,000 
at present. Aside from this tax $6,000 was appropriated for 
the running expenses of the highway commissioner's oflSce. 

Limitations on state aid. It was provided that no county 
should receive more than 3 per cent nor less than Yz ^^ ^ P^^ 
cent of the total bridge and highway fund in one year. In ap- 
portioning the funds the commission was directed to take into 
account the area of the county, the amount of money expended 
by it in road construction, and the extraordinary expense con- 
nected with the development of new territory. This last pro- 
vision is one which appears in the laws of no other state, but 
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which is very much to be commended, especially in &• state 
which has so much undeveloped territory as has Minnesota. 

Apportionment of the cost of state aid roads. The amount 
appropriated to any one county was not to exceed % of the 
cost of the permanent roads built during the year. 

Manner of doing work under stale aid. The county board re- 
ceives bids on all work to be done with state aid, or may ap- 
point a superintendent to do the work under county charge. 

DiUy of making surveys. Surveys are to be made by the 
state engineer when practicable but if he is unable to do so 
the coimty beard may employ the county surveyor or some 
other competent man to make the surveys and report to the 
state engineer. 

Repairs and maintenance of state aid roads. Nothing is 
said in the IJinnesota law r^arding the maintenance and re- 
pair of roads built with state aid. In this respect the law is 
weak, as one of the most important features of state aid is 
the use of the power to compel the towns or counties to do some 
careful maintenance work and thus teach them how to care for 
roads in a proper manner. 

Powers of state highway officer over distribiUion of stale 
aid fund. If any road being built under state aid does not 
come up to the specifications of the state engineer the state's 
proportion of the cost of construction shall be withheld. 

By the tem.s of the law "road" is defined to include all 
bridges upon the highway. It is provided that not more than 
% of the state money shall be expended for bridges in any one 
year. 

WASHINGTON. 

CiiABLES W. Clausen, State Auditor 1 «^ ^ »», ^ « 

_ „ I State Highway Board. 

G. Y. Mills, State Treasurer J 

Date and general duties. In 1905 the state of Washington 
provided for a state highway board composed of the auditor, 
the treasurer, and the state engineer. The latter is appointed 
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by the governor for a term of two years at a salary of $2,500 
and must be an experienced engineer and surveyor. 

Right of petition for state aid. The money for state aid is 
not distributed upon petition but according to appropriations 
made for specific roads. 

Total state aid fund. $10,000 was appropriated for oflBce 
expenses and $134,000 for aid in constructing ten roads which 
were specified in the law. These apppropriations were for two 
years. 

Apportionment of the cost of state aid. The state pays % 
and the county 1/^. 

Manner of doing work under state aid. Work is done by 
contract under bids advertised for by the county commissioners. 
Any contract may be rejected by the state highway engineer. 

Securing right of way. State aid funds are not to be used 
in securing right of way for any state aid road, such right of 
way being provided by the county. 

Duty of making surveys. Surveys are made by the county 
board at the expense of the county and submitted to the high- 
way commissioner. 

Repairs and maintenance of state aid roads. The roads are 
maintained and repaired by the counties in which they were 
located. 

Powers of state highway officer over distribution of state 
aid fund. When funds are appropriated to build any road the 
allotment to each county in which the road lies is to be deter- 
mined by the state highway board. 

OENEBAL PB0VISI0N9. 

The laws of all the states having a state highway oflScer pro- 
vide that he is to have charge of the relocation or construction 
of state aid roads. Most states provide that originally roads 
must be laid out by the county or town oflScers, but when the 
state appropriates money for their improvements they must be 
relocated, if necessary according to the surveys of the state 
ofiScer. 
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A3 a resumo of the nresent status of the movement for state 
control of highways, the following table has been prepared. 
The chief sources of information for this are a thesis on "Ten- 
dencies in Recent American Road Legislation" by Prof. F. G. 
Yonii^ of the University of Oregon, and Bulletin 4 of the 
Oliio Highway conmiission. 



Stat4). 



M.iirif* 

New llampsbiro. 

Vermont 

Massachnsett.-^... 
RlKxlo L-land.... 

'%>nn«»cticut 

Nrtw York 

Ni»w Ji»rsoy . .. 

Delaware 

pMiinsvlvania 

MHryliitwl . ...... 

North Carolina*. 



Ohio 

IndiHiia. . 
Michiffau .. 
Illinors*.... 
Minuetota . 

Iowa* 

Mi"rtriuri" . . 
California . 



Utah' 

Colorado 

Washin>?ton . 



Idado** . 



Bofrin- 
niofr of 

state 
highway 
depart- 

meot. 



1903 
l«'l«2 
18.13 
1902 
1%« 
18H8 
1892 
lUOi 
19a'> 
1S98 
1901 

1904 
1904 
1905 
1905 
1903 
1904 
1906 
1904 

1903 
1905 

1905 



State highway officers. 



Highwiy CommUaioDer.... 

St-ate Enicineer 

Highway (k>inmi«»ioDer... 
High way f*oramiii'<ioQer . 
Board of Public Boadt. . 
Hi»:h«-ay Coramissiooer... 

State Eofftneer 

Com. dc State Engineer. ... 
Highway Commiaaioaer.... 
Highway Coirmis"<ioner,... 

Qool. Survey 8c Engineer 

Com'r. of Agricaiture A 

State Geologist 

Highway Commiaaioner .. 

(*) 
Highway Commissioner... 
Highway Com. A Engineer 
Highway Commissioner.... 
Highway Commissioner... 



Highway Com. & Engineer 



State Engineer.. 
State Engineer., 



Highway Board & Eng'r.... 



Total appro- 
P' iation in 



$40,000 
125,000 
91,1«5 
549.450 
125,000 
225.000 
1,108,265 
250,000 
2i0,000 
1905 sd. 500,000 
1904 200,000 



1904 
1905 
1904 
1905 
1905 
1904 
1904 
1905 
1904 



1905 



17,400 



1906 95,000 

1905 25,000 

1905 86,000 

1904 1,000 



State's fthare 
of road costs. 



^to3C 



J 



All 



H 



1904 



25 666 Baiidsoer^" 
tain roa*ls. 



1905 150,000 
1905 144,003 



Bnilds cer- 
tain roads. 

Builds cer* 
tain roadi 
and pays %. 



' \ft¥>T 1904 tlie funds are supplied as needed by a $50,000000 bond issue, and no appro- 
priations am made except for flupp >rt of the otUce of the state engineer, 
^ Tills amount is to be expended in six years. 

* Tlio ('Oinmis.xion U an advLsorv board and iKcarryin^r on educational work- 

* A Hi>cciMl commisRioii was opiK>inted to study situation and recommend laws to next 
h^triylatiiro. Tiio roadn and materials have heeu studied by the Geological sarvey. 

'* Tho-io commiiii^ion*^ aro carrying on educatitmal work preparatory to state aid opor- 
MtioiL^i lat(»r on. TIjb Iowa appropriation is for two .vears. 

* In th>^ sunimor of 11K)C a 5tate conventiou was held at Cbillicotho under the auspices 
of ttio state agri -nltural department to request the coming legislature to appropriate 
$1,000,0()0 for htate aid and e^tablie^h a highway departm»*ut. 

^ riit) Mtate enuineor was instructed to prepare plans for state aid. 
' The •'tnte builds cortain roadd by direct appropriation, paying part or ail the cost 
as conditions vary. 
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CHAPTER III. 



DESIRABLE CHANGES IN THE PRESENT ROAD 

SYSTEM. 

Larger road districts. The road system of the state of Wis- 
consin is in some particulars fmidamentally wrong in that it 
fails to promote a public spirited interest in the general good 
condition of the highways. At present the roads of a large ma- 
jority of the towns are divided into many small districts com- 
prising in some cases, but a mile of road. This is done with the 
idea that better work will be accomplished — the farmer having 
but a short distance to go to his work — and that he will take a 
greater interest in a road which passes his front door. The 
result of this minute subdivision of the towns is that those 
parts of the town which have the best soil and the most pros- 
perous farmers have a disproportionately large share of the 
road tax to work out, while the poorer parts of the town where 
the soil is not so rich and the roads are perhaps hilly and steep 
have had to maintain their roads on a considerably smaller 
tax. This short sighted view that the farmer is concerned only 
with what passes his own front door and has no interest in the 
road which does not, has resulted in a very strong prejudice 
against the payment of road taxes in money. As one man stated 
to me : — "If we pay our road taxes in cash the town conmiission- 
er would go into that other side of the town and use our money 
to fix up those fellows' roads. We have worked hard for our 
money here and built ourselves good roads. Let those fellows 
over there do the same thing." 
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In his apparently just and fair statement of conditions this 
man has failed to take account of the fact that his farm was 
in a rich level part of the town, while "those fellows over 
there" lived in a rocky, hilly place and naturally could not he 
expected to be as prosperous nor to build as good roads as could 
be built on the level even if they had as much tax to spend. 
This idea that one part of the township is not responsible for 
the condition of the roads in another part is not in accord 
with the fundamental reason for the existence of governments. 
Governments exist in order to protect the weaker members of 
society. If & man through sickness or misfortune is unable 
to support his family the government steps in and from the 
taxes it has collected from people who are better off than he 
keeps that family from starving. On the same principle it 
protects the weak against the encroachments of the strong in 
innumerable ways. According to the same principle still more 
locally applied all the labor in a road district may be used 
in any part of that district where the road needs repairing. 
The injustice of requiring each farmer to maintain the road 
by his own farm would be promptly appreciated, especially 
by the man who had a steep hill to care for or a bridge to 
put in. For the same reason that the town puts in bridges 
and that the road district maintains a steep hill which is all 
upon one man's farm, should the town also use its road funds as 
a unit which can be expended anywhere within its territory. 
In this way only will good roads be secured. 

This distribution of funds where most needed r^ardless 
of who pays the tax is a step in the right direction which is 
badly needed and which will bring about a more healthy public 
spirit with regard to roads. 

Permanence of road officer ^^ The present system under 
which road oflBcers are appointed by the town board and usually 
changed each year makes impossible the proper building and 
maintaining of country roads. As the road overseer has no 
prospect of remaining in office for more than a single year he 
can have no strong incentive to make a particular study of 
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the needs of roads under his charge or to become at all deeply 
interested in their welfare. A man will do good or poor work 
according as he is interested in what he is doing. Consequently 
the roads of the state are an infallible indication of the degree 
of interest which the road overseers have taken in them. 

In the list of questions which were sent out to 2,000 farmers 
the question was asked as to whether it would be advisable 
to bold a road school for a week each year, in which the high- 
way officers could become acquainted with the best methods 
of road building. The replies to this question were in the ma- 
jority negative because, as was stated, the road overseers would 
not have sufficient interest or incentive to attend. Many of 
the replies suggested that if road overseers were to be con- 
tinued in office for a number of years it would be a profitable 
venture for the town to pay their expenses in order to have 
them attend such a school, but that under present conditions 
it would be useless. 

Another condition which the short term of the road overseer 
brings about is that it is impossible for the work of the town 
to be adequately planned for a term of years and carried out 
according to this plan. Each man has before him simply the 
problem of fixing up the roads so that they will be passable 
for a year, without any reference to what will be done the 
next season. This is an extremely expensive method of doing 
work. In order to produce good results some well thought out 
plan must be followed the same in road building as in any 
other project. 

The present system also makes possible the sorry condition 
that when a road fixed up by one man according to his ideas 
does not agree with the ideas which his successor holds the 
successor in too many cases proceeds to tear it up and 
rebuild it according to his own notion in order to show 
the other fellow how a road should be built in a 'real 
proper' manner. This is a condition of affairs which could not 
be tolerated in any other business as it entails too great a 
waste of money. The situation is well expressed; and in very 
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conson-ativc language in the following letter from Mr. Paul 
C. Wilson of the Grassland Stock Farm of Menomonie: "I 
(louht very much if 50 per cent, of the road overseers are ap- 
pointed because of any special fitness for the job. I have 
seen right here in our own town men appointed as overseers 
who, if they had kept the office for a few years, might have 
benefited the roads, but after one year were retired and the 
one aj)pointed to fill the place took the same piece of road and 
undid all the work of his predecessor, and he in turn let out. 
This does not tend to keep up a permanent improvement." 

Cash tax. The cash tax system is one which has been voted 
upon in practically every town in the state, with the result 
that alniofit all the to^vns are still paying their highway taxes 
in labor. People must be brought to see the value of the cash 
tax, however, before they can hope to have roads that are prop- 
erly built with the money which they can afford to pay. A let- 
ter from a road overseer states that "tax-payers never seem 
to want to work when the overseer wants them to, and it often 
takes as much money to arrange for the farmers to do the 
work as the work itself amounts to when they get upon the 
road.'' It is a strong objection to the labor tax system that 
the road overseers have no real authority. If the overseer has 
an interest in the work he is glad enough to get the farmers 
to como with their teams and men, so that he does not want 
to offend them by requiring too strenuous labor. On accoimt of 
the political nature of his appointment he does not desire to 
create enemies for the one who appointed him by requiring 
more work than the farmer is willing to give. Of course there 
are many toA\Tis in which this is not true and in which the over- 
seer faithfully requires a good daVs work and the full amount 
of the tax to be worked out, but these towns are not so large 
a majority as they should be. 

Another objection to working out the road tax is the char- 
acter of the work done. Road work is too often regarded 
as an "annual picnic," as one man called it, and the ob- 
ject of getting the road fixed regarded as secondary to 
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pleasant associations \vith the neighbors. One town chair- 
man writes, "We are at present working on the old dis- 
trict plan but we intend the coming season to pay taxes in 
money and have one road commissioner for the to^Ti. It has 
been my experience as chairman of the to\vn for the last six 
years that we can get more than double the work by job work 
for cash." Another correspondent writes, "Our town has fol- 
lowed the cash system for several years and I think we get from 
four to ten times the beneficial results from the same tax levy.'' 
Another writes, "We worked on the cash system one year in our 
to^vn and accomplished more in that year than in any two years 
before or after." 

A last objection to the labor system is that the nurnhrr < f 
hours labor required are less than would be required under the 
cash labor system. Under the present system only eight hours 
of labor make a day, and this eight hours is customarily cut 
short at both ends and in the middle so that it is frequently but 
six. One man 'has a large number of cows to milk and his 
hired man has left him,' and another man Tias to go to town to 
get a piece of machinery for the next day's work,' and so on 
through the whole list of excuses that every road overseer 
knows. 

The payment of highway taxes in cash does away with the 
diflSculties mentioned. (1) It makes possible the securing of 
labor just when it is needed without r^ard whether any par- 
ticular farmer is able to come or not. (2) It gives the overseer 
complete authority over his men, as he can discharge them if 
they do not render satisfactory service. (3) It improves the 
character of this service for the simple reason that the men 
know they can bo discharged. (4) The length of the day can 
bo made ten hours for road work the same as any other class of 
farm labor. 

The need of trained men. Under the present system road 
overseers are almost necessarily incompetent. This is no reflec- 
tion upon the intelligence or purposes of these ofBcers, but it is a 
strong reflection upon the system. The building of a country 
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road in a proper manner is about as complicated a piece of en- 
gineering as is commonly met with and the farmer cannot ord- 
inarily, from the very nature of things, be a man who is speci- 
ally trained for this type of work. Highway building and 
maintenance requires as high an order of skill as railway build- 
ing and maintenance, and yet there are not many farmers who 
hold themselves ciipable of building and maintaining a railroad. 
Under the present system it is diflScult to secure men who have 
had any training in road building. Men who have made any 
^jpccial study of this matter are very rare as yet in this country 
and in order to make them available they must be educated. 

Because the enormous sums of money which the people are 
expending on roads are entrusted to the management of men 
who have no training for their work we see the present bad 
results every time we drive over the ordinary country road. 
This waste of money is estimated by replies from the 2000 let- 
ters sent out to fanners in the state at from 50% to 90% of 
the total highway tax. As seen on page 87 the average esti- 
mate is that 58 per cent of the highway tax if paid in cash 
would do the same work that is being done at present. It is also 
evident that of this 58 per cent, which is the real value of the 
tax, a considerable part is wasted by poorly directed efforts. As 
this tax at present amounts to over $2,000,000 00 the lowest 
estimate of the waste, which seems to be very conservative, 
would make the annual loss to the farmers of the state over 
$1,000,000.00. The need for trained men and the present 
iresults due to not having them is stated very well in the follow- 
ing letter from Mr. Schinoldt of Taylor county: — "I emi- 
grated from Germany, made a farm here, and have lived on 
this farm twenty-three yeai^ and one half. I have seen in 
these years hundreds of thousands of dollars of tax payers' 
money expended on the roads in town and county, but after all 
our roads are still as bad as ever. Not the scarcity of money, but 
the system is to blame for this state of affairs. We need men 
in charge of road building and road maintenance who are 
trained for this sort of work and understand what to do in a 
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proper way, and who should hold their positions for a succession 
of years. Take the road business from the town boards newly- 
elected every spring and make a thoroughly state and county 
institution. Let us have a state road commissioner, county 
and town road engineers all well trained men and not elected 
but appointed from the state, and then let them work systemat- 
ically. Not money alone makes good roads or makes the roads 
better, but skill in plans and labor." 

Road accounts. From the replies to the letters sent out to 
town clerks it is evident that the accounts of the highway 
expenditures of the towns are kept in very poor fashion. In 
few instances were the books so kept that the total cost of 
any particular piece of macadam or gravel road could be given, 
to say nothing of giving any detailed account of the other ex- 
penditures. So long as the accounts are kept in this way it 
is of course impossible to tell whether money is being expend- 
ed carefully or thrown away with an extravagant hand. If 
there is a certain amount of money available and it is spent — 
which is about the extent of the record of expenditures which 
is kept at present — ^no comparison of costs can be made, and 
one road overseer may take ten times as much to do a piece of 
work as the overseer in the next district uses on a similar job. 
The importance of careful accounting in even a small business 
does not need to be emphasized, but in a large undertaking such 
as the highway business of the people of Wisconsin has become, 
in which over $2,000,000.00 is expended annually, the account- 
ing becomes of much greater importance. If a highway depart- 
ment is established in the state it should be one of its functions 
to see that town highway accounts are kept in some good form. 

Section system. In no place in the state, so far as I have 
been able to learn, is there any provision for continuous care 
for roads. The laws should be so modified as to very strongly 
encourage this as there is no single change which will effect 
such a saving of people's money as the application of some 
such system as that described in the chapter on maintenance. 
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County road system. The advantage of having a large 
unit of road control, such afi the county, lies in the fact that it 
hafi a larger amount of money to expend and can therefore af- 
ford to have men who are trained in their work and can keep 
these men continually busy and get better results cheaper than 
is possible in the ordinary town. It. is the same principle as 
that upon which the wholesale dealer works. By securing his 
goods in large quantities he is able to get them much cheaper 
than the retail dealer and can therefore sell them at a lower 
price. In case an engineer is hired to do a single piece of 
work in a town he may chai^ ten to twenty dollars a day, 
whereas a competent man could be obtained by the county for 
about half the smaller sum. This county system has been used 
in New York and Michigan for a number of years and in these 
states has given the very best of satisfaction. The hi^way 
commissioner of Michigan stated that much more and better 
work could be done under the county system than imder the 
township system. 

Automobiles. There is a very strong, and one muat confess, 
to some degree justifiable prejudice in many parts of the state 
against the building of good roads because of the fact that as 
soon as good roads are built automobiles drive the farmers off 
and compel them to use the back roads. The automobile is 
here to stay, and before many years will undoubtedly be adopt- 
ed by farmers themselves the same as the bicycle has been. 
Most drivers of automobiles are very considerate when they 
meet a frightened team, but there is unfortunately too large a 
proportion of "road hogs", as they are well called, who think 
it is a good joke to scare some staid farm horse into jumping 
the fence and smashing the farmer's rig. These few thought- 
less automobilists have brought strong disfavor upon all owners 
of automobiles. Something must be done by the state to pro- 
tect the farmers so that the roads will be safe for them to travel 
upon after they are improved before any comprehensive pro- 
gram for improvement can be successfully carried out. How- 
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•ever this is not a problem which can properly be discussed in 
this place. It is sufficient here to mention the fact that some- 
thing should be done. 

State aid. The working of the plan of state aid in other 
parts of the country is given in Chapter II, Part II, and the 
fact that without exception it has been successful and is enthu- 
siastically supported by the people wherever adopted is the 
strongest argument for its adoption in Wisconsin. The Legis- 
lature of 1905 passed & joint resolution to amend the constitu- 
tioji, making possible the appropriation of money for state aid 
in road building. This joint resolution must be considered by 
the legislature of 1907 and if passed by them must be voted 
upon by the people before any money can be appropriated in 
Wisconsin to aid in building roads. 

The effect of the adoption of such a system in Wisconsin can 
be judged by its effect in other states. Where the plan has 
been adopted the public spirit of the citizens has been aroused 
and their interest in the good condition of the roads excited to 
such an extent that large sums have been spent in improving 
the roads. According to most careful estimates the people have 
had more returned to them in the increased value of the land 
than the improving of the roads has cost. The investment of 
these sums has therefore been amply justified, even though the 
roads had had to be built without state aid, and directly by the 
country districts through which they passed. 

Bailroads in many states have been so keenly interested in the 
building of roads that they have sent out experts and trains of 
machinery to build sample roads in districts along their lines. 
As a railroad official said at the buildng of one of these objeet 
lesson roads, 'his railroad served the country for not over five 
miles on each side of its track [it was a southern railroad] and 
if good roads were built in the country it would serve the people 
within a distance of 25 or 30 miles. This would mean to his 
railroad an increase in business of several hundred per cent/ 
In the same way are cities interested m Vke \>\\S\A.Ya% oit ^B*A. 
country roads. The merchants of the citiea Vu ^e^^t^ ^w^» ^ 
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the state have given ample subscriptions for the purpose of aid- 
ing in building roads to attract the trade of the country dis- 
tricts to them. While they have done this partly from phil- 
anthropic motives, no doubt there has been also bacE of their giv- 
ing, the knowledge that they would receive this money back in 
the profits on increased sales of goods. It may at first sight ap- 
pear to the ordinary dweller in a city who is not in trade that he 
is in no way benefited by the expending of taxes raised upon his 
property for the building of country roads, but this is entirely 
wrong as a moment's consideration will show. During the 
National Good Roads Convention at the St. Louis World's Fair 
one speaker computed for the benefit of his audience that the 
city of St Louis paid each year in excess freight upon goods 
delivered to them from the surrounding country in farm wag- 
ons a sum of $250,000. He stated that this sum was paid by 
the city rather than by the farmers because of the well known 
fact that the consumer pays the freight. In other words, the 
farmer must make a living and if it costs him a dollar more to 
haul a load of potatoes to town over a bad road than, it would 
over a good road the persons who buy those potatoes must pay 
a dollar extra in order to give the farmer that which he has a 
right to demand for his labor. For these reasons, therefore, 
the application of state money to road building is justified, even 
in the consideration of actual cash returns to the cities and rail- 
roads as well as to those by whose farms the roads pass. 

The giving of state aid is also justified for the reason that 
it educates the farmer in the value of good roads and teaches 
him to build them for himself. This has been the case in 
every state where such a course has been pursued. State aid 
has not been suflSciently extensive to pay for its share of all 
the roads which the farmers desired and as a consequence after 
once experiencing the benefits of good roads they have gone 
ahead and built them at their own expense without waiting 
for state money. Nowhere in the United States have good 
roads been built to any extent where the total cost has been 
borne by the farmers themselves. Some such means as state or 
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county aid has been necessary to get up sufficient interest so 
that people will build good roads, but after once started they 
have almost always gone much farther than state aid could fol- 
low. 

The present situation in Wisconsin with regard to money for 
state aid is different from that in any other state in the Union. 
For several years it has been found to be possible to pay all the 
expenses of the statei government from the general fund and 
consequently no state tax has been levied. It is highly prob- 
able that this will be continued in the future and therefore, if 
the system of state aid is adopted, the money thus made avail- 
able would be in effect a gift from the state to the local com- 
mimities. So far as known in no other state do such conditions 
exist. 

From this statement of conditions it is at once evident that 
the people of Wisconsin are losing a most excellent opportunity 
if they do not demand of their legislators that laws be passed 
adopting the plan of state aid in this stato. 
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CHAPTER IV. 



ADVANTAGES OF MAKING SOME OF THESE 
CHANGES IN THE PRESENT HIGHWAY SYS- 
TEM OF THE STATE. 

In condusion there is here given a short summary statie- 
ment of the advantages to be gained by the adoption of some of 
the changes mentioned in the last chapter. 

Tovm highway commissioners. If vhe plar. is adopted 
whereby a single highway commissioner in each town is chosen 
for some considerably longer term to have charge of the ro&d 
work and all expenditure of road funds, the following advant- 
ages will be gained. His term of office will be so lengthened 
that it will pay him to familiarize himself with the best 
methods of road building. He can make adequate plans for 
the improvement of all the roads in the town, and be secure 
enough in his position so that he can carry them out without 
interruption By his long tenn of office he will be sufficiently 
removed from politics so that he will be able to demand more 
and better labor from the farmers who may be engaged, and in 
these ways he can save to the town a considerable percentage 
of money which they are now expending by applying it in a 
way which will give them the good roads which are at present 
being paid for but not received. 

Highway accounts. If the expenditures for highway pur- 
poses are required to be kept in more detailed form compari- 
sons between the results being obtained by the highway com- 
missioner in one town and those obtained by the commissioner 
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in the neighboring town working under similar conditions can 
be readily made by any tax payer. If reports of such expendi- 
tures are published, as they should be every year, the tax payer 
will be in a position to know definitely whether his money is 
being wasted or expended in a careful manner. 

Cash tax. If road taxes are paid in cash it will permit the 
application of better methods of road work. Boad gangs can 
be kept together long enough so that they become familiar with 
their work and highly eflBcient, with no need of changing them 
and substituting untrained men and teams for those which have 
more experience. Under the cash system roads can be mavn^ 
tained; men can be hired at any time needed, or continually, 
if desired, to look after certain stretches of road and prevent 
their becoming so bad as to need any extensive repairs or re- 
building. 

County system. Under the county road system, which from 
the experience of other states is undoubtedly the best one that 
can be adopted, each particular piece of road machinery can be 
placed in charge of a man who has had experience in using it 
and can therefore secure better results and do more work than 
the ordinary inexperienced operator such as we have under the 
present system. Koads running in heavily travelled lines 
through the county can be constructed and maintained, and 
uniformity of plan pursued throughout so that the road will bo 
uniformly good instead of being, as at present, good in one over- 
ser's district, bad in the next and impassable in the third^ and 
so on, depending on the interest of each local overseer and thf) 
difficulties he has to meet. 

In the vicinity of large towns the traffic sometimes becomei 
so great that the taxes of a single road district are not suffici- 
ent to keep the roads in repair. This is beginning to be notic- 
ed in some parts of this state already. The road district finds 
it impossible to keep its roads in as good condition as it used 
to before the traffic became so heavy. Under the county sys- 
tem the cost of constructing and maintaining these roads is 
placed where it belongs, upon the shoulders of the whole county, 
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for it is the whole county which uses the road &nd which there* 
fore should pay for its construction and maintainanoe. 

Under the county system, also, a competent hi^way en- 
gineer can be hired to devote all his time to supervision of 
county roads and planning and constructing bridges and other 
improvements which the county may have in hand. 

State aid. The benefits of state aid are co many and so 
important that it is difficult to make a satisfactory summary 
statement. State aid is of incalculable benefit in creating a 
proper public sentiment concerning the highways. Under it 
the people are moved to demand that they have the good roads 
to travel over which they are entitled to, but which they know 
very little about in the conditions prevailing under our pre- 
sent system. State aid will be useful to the farmers of the 
state in furnishing object lessons of proper road construction 
and maintenance, for if state aid is granted the maintenance 
of.^nch roads should be placed in direct charge of the county 
and good reflations for their care rigidly enforced by the 
state. 

A final advantage of state aid in Wisconsin is that the rev- 
enues of the state are in such condition that the money could 
come from the general fund and would not necessarily call for 
an increased state tax lew. 
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Hfiscoosm Geological and Natural History Survey. 



The publications of the Survey are issued as (1) bulletins, which are 
numbered consecutively, (2) biennial reports, and (3) hydrographic maps. 
These publications are independently paged and indexed, no attempt being 
made to group them in volumes. 

1. BuLLvmvs. 

The bulletins are issued in three series: 

Scientific Series.— The bulletins so designated consist of ori^al con- 
tributions to the geology and natural history of the state, which are of 
scientific interest rather than of economic importance. 

Economic Series.— Th\a series includes those bulletins whose interest 
is chiefly practical and economic. 

Educational Series.— The bulletins of this series are primarily de- 
signed for use by teachers and in the schools. 

The following bulletins have been issued: 

Bulletin No. 1. Economic Series No, 1, 

On the Forestry Conditions of Northern Wisconsin. Filibert Both, 
Special Agent, United States Department of Agriculture. 18d8. Pp. vi» 
78; 1 map. Out of print 

Bulletin No. II. Scientific Series No. 1. 

On the Instincts and Habits of the Solitary Wasps. George W. Peck- 
ham and Elizabeth G. Peckham. 1898. Pp. iv, 241; 14 plates, of 
which 2 are colored; 2 figures in the text Sold at the price of $1.50 in 
paper and $2.00 bound. 

Bulletin No. III. Scientific SeHes No. f . 

A Contribution to the Geolo^ of the Pre-Cambrian Igneous Bocks of 
the Fox Biver Valley, Wisoonsm. Samuel Weidman, Fn. D., Assistant 
Geologist, Wisconsin Geological and Natural History Survey. 1888. Pp. 
iv, 63; 10 plates; 13 figures in the text Out of print. 

Bulletin No. IV. Economic Series No. f. 

On the Building and Ornamental Stones of Wisconsin. Ernest Bobert- 
Bon Buckley, Ph. D., Assistant Geologist Wisconsin Geological and 
Natural History Survey. 1898. Pp. xxvi, 544; 69 plates, of which 7 are 
colored, and 1 map; 4 figures in the text. Sent on receipt of 30 cents. 



Bulletin No. V. £duccUioHal Series No. 1. 

The Geography of the Region About Deril'a Lake and the DaUea of the 
WiaooDsin, with eome notes on its aurfaoe seolofor. Bollin D. SaUabmy, 
A. IL, fVofMBor of Geographic Geolosy, UmTeruty of Chi^go, and Wal- 
lace W. Atwood, B. 8., AensUnt in Ueology, UniTeraity of Chioiga 1900. 
Pp. X, 151; 38 platea; 47 figures in the text. Out of print. 

Bulletin No, VI. Economic Series No. S. Second Edition. 

PteliminaryBeport on the Copper-bearing Bocks of Douglas county, 
and parts of Washburn and Bayneld countiM, Wisconsin, ifl yas e s Sher- 
man Ghtint, Ph. D., Professor of Geology, Northwestern UniTersity. 1901. 
Pp. ri, 83; 13 plates. Sent on receipt of 10 cents. 

Bulletin No. VII. Economic Series No. 4. 

The Clays and Clay Industries of Wisconsin. Part I. Ernest Robert- 
son Buckley, Ph. D., Geologist, Wisconsin Geological and Natural Hiitoy 
Survey. 1901. Pp. xii, 304; 55 plates. Sent on receipt of 90 cents. 

Bulletin No. VIII. EducationoZ Series No. B. 

The Lakes of Southeastern Wisconsin. N. M. Fenneman, Ph. D., Pro- 
fessor of General and Geoeraphic Geology, University of Wisconsin. 1902. 
Pp. XV, 178; 36 plates; 38 figures in the text. Out of print 

Bulletin No. IX. Economic Series No. 5. 

Preliminary Report on the Lead and Zinc Deposits of Southwestern Wis- 
consin. Ulysses Sherman Grant, Ph. D., Professor of Geology, North- 
western University. 1903. Pp. viii, 103; 2 maps: 2 plates: 8 figures in the 
text Out of print. 

BiUletin No. X. Economic Series No. 6. 

Highway Construction in Wisconsin. Ernest Robertson Buckley, Ph. D., 
State Geologist of Missouri, formerly Geologist, Wisconsin Geological and 
Natural History Survey. 1903. Pp. xvi, 339; 106 plates, including 96 
maps of cities. Sent on receipt of 30 cents. 

Bulletin No. XI. Economic Series No. 7. 

Prelimioary Report on the Soils and Agricultural Conditions of North 
Central Wisconsin. Samuel Weidman, Ph. D., Geologist, Wisconsia 
Geolc«ical aod Natural History Survey. 1903. Pp. viii, 67; 10 plates, 
including soil map. Sent, paper bound, on receipt of 10 cents; cloth bound, 
20 cents. 

Bulletin No. XII, Scientific Series No. S. 

The Plankton of Lake Winnebago and Green Lake. C. Dwight Marsh, 
Ph. D., Professor of Biology, Ripon College. 1903. Pp. vi, 94; 22 plates. 
Sent, paper bound, on receipt of 10 cents; cloth bound, 25 cents. 



Bulletin No. XIII. Economic Series No. 8. 

The Baraboo Iron-bearing District of Wisconsin. Samuel Weidman, 
Ph. D., Geologist, Wisconsin Geological and Natural History Survey. 
1904. Pp. X, 190; 23 plates, includinggeological map. Sent, paper bound, 
on receipt of 10 cents; cloth bound, 20 cents. 



Bulletin No. XIV. Economic Series No. 9. 

Report on Lead and Zinc Deposits of Wisconsin. Ulysses Sherman 
€h:ant, Ph. D., Professor of GkK)loffy, Northwestern University. 1906. 
Pp. iz, 100; 8 plates; 10 figures in the text; and an atlas containing 18 
maps. Sent on receipt of 20 cents. 

Bulletin No. XV. Economic Series No. 10. 

The Clays of Wisconsin and Their Uses. Heinrich Ries, Ph.D., Assist- 
ant Professor of Bconomic Geology, Cornell University. 1906. Pp. xii, 
259; 30 plates, including 2 maps; 7 figures in text . Sent on receipt of 18 
cents. 

Bulletin No. XVIII. Economic SeHes No. 11. 

Rural Highways of Wisconsin. W. O. Hotchkiss, B. S., Instructor in 
Geology, University of Wisconsin; in charge of Economic G^logy« Wis- 
consin Gfeological and Natural History Survey. 1906. Pp. xiv, 135; 16 
plates; 2 figures in the text. Sent on receipt of 10 cents. 

In Press. 

XVI. The Geology of North Central Wisconsin. Samuel Weidman, 
Ph. D., Geologist, Wisconsin Geological and Natural History Survey. 

XVII. The Raised Beaches of Eastern Wisconsin. J. W. Goldthwait, 
Ph. D., Instructor in Physical G^graphy, Northwestern University. 

2. Biennial Rbports. 

The Survey has published four biennial reports, which relate to admin- 
istrative a£Pairs only and contain no scientific matter. 

First Biennial Report of the Commissioners of the Geological and Nat- 
ural History Survey. 1899. Pp. 31. 

Second Biennial Report of the Commissioners of the G^logical and 
Natural History Survey. 1901. Pp. 44. 

Third Biennial Report of the Commissioners of the Geological and Nat- 
viral History Survey. 1903. Pp. 35. 

Fourth Biennial Report of the Commissioners of the Geological and 
Natural History Survey. 1904. Pp. 42. 

3. Hydrographic Maps. 

There have been prepared hydrographic maps of the prinQipal lakes of 
southern and eastern Wisconsin. This work is in charge of U S. Smith, 
C. B., Assistant Professor of Topographic and Geodetic Engineering, 
University of Wisconsin. 

The maps are as follows: 

Sise of Plate, Scale, Inobea Contoar In- 

Inohes. per mile, temd, FMt. 

No. 1. LakeOeneva 17.ftxl0.8 2 10 

Kg. 2. Elkhart Lake 15.5x]8.1 5 10 

No. 8. LakeBeulah 22.5x20.0 6 10 

No. 4. OcoDomowoo-Wankesha Lakes 28.8x19.1 2 10 

No. 5. The Chain of Lakes, Waupaca 21.7x20.6 6 10 

No. 6. Delayan and Lauderdale Lakes.... 22.5x16.8 4 10 

No. 7. OreenLake 26.0x17.8 8.2 20 

No. 8. LakeMendota 28.7x19.5 .6 5 

No. 9. BiirCedarLake 18.0x18.5 2.9 10 

No. 10. LakeMonona 17.6x17.8 4 5 

In all of these maps the depth of the lakes is indicated by contour 
linee, and by tints in all except No. 1. They are sent on receipt of 15 cents 
each, except Nos. 4 and 8, for which 20 cents are reauired. They may be 
had either mounted in a manilia cover, or unmountea. 

All correspondence relating to the Survey should be addressed to 

B. A. BiROE, Director. 
Madison, Wis. 



'ji:>r 



r WISCONSIN GEOLOGICAL AND NATURAL HISTORY SURVEY 

B. A. BIRQB, Ph. D., Sc. D., Director 



BCrXXETIN NO. XIX ECONOMIC SERIES NO. 12 



i Zinc and Lead deposits 



r 



OF THE 



UPPER MISSISSIPPI VALLEY 



BY 

H. FOSTER BAIN 

Director of State Geological Survey 
of Illinois 



WASHINGTON 

GOVKRNMENT PRlNTll^U OFB\C^ 

1907 



TUlieconBin (3colo(iical and l^tural f>t0tori? Survei?. 



BOARD OF COMMISSIONERS. 

JaMBH O. I)AVII)S«)N, 

<H)v*»rnnrof thi» StaU*. 

('ii.\KLi-> K. Van IIihk, I'rwidt'iit, 

l*n»siilent of the UniverHity nf WinfoiiHin. 

('HAi(i,t> v. Caky, Vic<»-I*nft«iHeiit, 

Stiiti' SniK»riiitrnilt»nt of I*iihlir Intitnirtion. 

Cai.n kkt Si'KNSLKV, 

l*n»si<U'nt of the < 'oinmi?*Hioii«TH of Finherien. 

l^>ris Kaiilknkiui., SiM-ri'tary. 

Prenident of tho Wiwonnin Academy of .Siem-eH, Artrt, and Lettei>. 



STAFF OF THE SURVEY. 

K. A. BiU(iE, DiriH'tor ol the Survey. 

S. Wkidman, <ieolo>:ist. 

Survey t)f Central and Northern Wiwonsin. 

W. (>. HuTCHKi.v*. (ieolojrist. 
Kcononiie (i(M)lojry. 

r. S. (iRANT, (ieolo^it*t. 

Survey of Southwestern Wiscxmsiii. 

U. KiK>, (ieolovri.^t. 

Clays «»f Wisconsin. 

Virnut Lknhkk. Chemist. 
Chemistry of Lakes. 

CuANCKV .IiDAV, Biolo^ist. 
Hiolojry of Lakes. 

J . W . < i o L I )T 1 1 \v AIT, < I eo 1< >j:ist. 
I'ljysical (ieo^ra]>liy. 

(i. Wahnkk, Biologist. 
Report on Fish. 

K. C. Bknnkk, Chemist, 

Chemistry of Lakes. 

ConsultioK Oeologltt. 

T. C. ( H AMHKULiN, l*leisto«'<'ne (neology . 

Investigation of Water Powers. 

L. S. Smith, Civil Knpineer. 
Knjrineer in Charpe. 

r. IL Hei.vkinc;, Assistant. 
D. H. Dr<iAN, Assii-tant. 

In c^jaiye of Field Parties. 



CONTENTS. 



Pa«e. 

Introduction 1 

Location and a«»a 1 

Historical sketch 2 

Bibliography 6 

Production 8 

Past production 8 

liead 8 

Zinc 9 

Present production 9 

Recent mining activity 9 

Scope of this report 10 

Topography 11 

Relief 11 

Niagara escarpment and mounds 12 

Upland 13 

Valleys 13 

Age of the peneplain 15 

jeology 16 

General statement 16 

Stratigraphy 17 

Greneral section 17 

Pre-Cambrian rocks 17 

Cambrian rocks 17 

Ordovician rocks 18 

Prairie du Cliien formation 18 

Name and divisions 18 

Lithologic character 18 

Fossils 19 

Relations and thickness 19 

St. Peter sandstone 19 

Name and thickness 19 

Lithologic character 19 

Fossils 19 

Relations 19 

Platteville limestone 19 

Name and thickness 19 

Lithologic character. . ! 20 

Fossils 21 

Detailed sections 22 

Relations 24 

Oalena dolomite *2A. 

Name and character *^^ 

Qencnd section? ^^^ 



IV CONTENTS. 

Gt*()i(»^y (untinufHl. Pxge 

Stratigraphy- Continued. 

Ordovician nwks -Continued, 
(ralona dolomite -Continued. 

TliirknrHK 29 

Fossils 29 

Kelations *. . . . '29 

Dolomitization 30 

Maquokrta shaU' 31 

Nanir and thickness 31 

Di.strihution and rhai-aHer 31 

Ki>ssils 32 

Relations 33 

Sihirian rocks 33 

Niapira dolomite 33 

Name 33 

Thickness and charact^T 'M 

Fossils 34 

C^uaternan' de|H>sit,s .^ 

Cieneral character ^ 

Residual <'lay ^ 

I»«\ss 34 

Terrace de|)osits 35 

^Vlluvium 35 

(leoli »pc St mcture 35 

( icnerMJ features 35 

General dip 35 

litM'al <li|)s 35 

Ij<K'al features 35 

Types of Imsiiis an<l ant iclines ;i5 

Shallow basins 36 

F'lat monoclines ;}(5 

Asymmet ric ant iciim's 3<> 

( 'an(H»-shaiKHl basins 37 

Distribution <>f basins and anticlines 3>^ 

Orijrin of basins ;^ 

Basins of s<'dimentat ion 3J< 

Basins of consolidat ion 40 

Basins of dcformat ion 41 

Faults and fault injr 43 

.loints 43 

Aj^e <>f slniclunil f«'atun'*< 45 

(}eol<>o:ic hislorv 45 

Ore deposits 46 

(icneral chanictrr 46 

( ornjXKsit ion 4() 

Vein inatcrirtl 4() 

Country nxk 47 

The ores 4S 

Orijrinal metallic minerals 4S 

( nilenit<' 4S 

Sphalerite' 48 

.Marcasjt^' and pyrite 40 

( '/laicopyrite Aft 



CONTENTS. V 

►re deposits — Continued. Page. 

Composition — Continued. 
The ores — Continued. 

Alteration minerals 50 

Smithsonite 50 

Hydrozincite 50 

Calamine 50 

Ceruasite 50 

Anglesite 50 

Sulphur 50 

Wad 50 

Xiimonite 50 

Melanterite 51 

Oangue minerals 51 

Calcite 51 

Dolomite 51 

Selenite 51 

Barite 52 

Quartz 52 

Paragenesis 52 

Galena or lead ores 52 

Smithsonite or zinc-^^rbonat^ ores 52 

Blende or zino-sulphide ores 53 

Sulphur ores 53 

Cause of the vertical order 53 

Mode of occurrence 53 

Crevice deposits 53 

Definition 53 

Openings 54 

Ores of the crevices 57 

Distribution of the crevices 58 

Origin of the crevices 50 

Honeycomb runs 61 

Definition and form 61 

Origin 61 

Ores of the honeycomb runs 61 

Pitches and flats * 63 

Definition 63 

Strike of the pitching crevices 63 

Origin of the pitches 64 

Position 64 

Ores of the pitches and flats 64 

Disseminated deposits 65 

Definition 65 

Ores of the disseminated ore bodies 65 

Position 66 

Origin 66 

Kelatioos of the ore deposits 66 

Qeographic distribution 66 

Relations to stratigraphy 66 

Ore deposits in the Niagara dolomite* 66 

Ore deposits m the Maquoketa formation ^ 

Ore deposits in the Galena fonnal'ion '^ 



VI CONTENTS. 

On* «U»j)osits -Continued. Vugc. 

K«>lutioiis of fill' on' deposits — (.'oiitiiiued. 
Kolationv* to stratigraphy C'ontiiuied. 

On' dofMisits in the Plat tt'vi lie fonnation fi7 

( )n' de}N)sits in the St . IVt<?r fonnation 67 

On' deposits in the Prairie du CTiien formation 68 

( )n' dep<Mits in st nirtural basins 6S 

Kelations to topo^i^ruphy 09 

I^elations to underjfnmnd-water level <«9 

Relations to the oil-nK*k horizon TO 

.\ge of t he tire d(>{N)sits 70 

Description of mines and districts 71 

( Jeneral n'lat ions 71 

Mines in Iowa 72 

DuhiKiue district 72 

H ist ory 72 

(MHij^phic limits 73 

Cieolop^ic ptxsit ion 73 

Character of tlie on's 73 

Form and sizi' of the ore bodies 73 

Wt)rking mines 74 

Mines in Illinois 7o 

(leneral statement 75 

(lalena district 76 

Waters mine 76 

Little Corjxiral mine 76 

WcImt and Crinj: mine 77 

Vincpir Hill mine 77 

Fox River \'all(\v mine 77 

Oldcnhui-^ mine 77 

Northwestern mine 78 

Staccv mine 78 

Sand Prairie district 78 

( nlifornia mine 78 

Peru or Black Jack mine 79 

p:iiziilH'th district 80 

Wishon mine 80 

Apple River mine 80 

Skene mine 80 

Queen mine 81 

S<*attered mines in Illinois 81 

Vista Grande mine 81 

( Jlaiiville prospect 81 

Mines ill Wisconsin 81 

Hazel (ireen-Fi^'nton district 81 

( JcMeral 81 

Hoskin and Kennedy mim's 82 

Rowley mine 84 

Ida and Blende mmes 84 

Fjnpress mine 85 

Benton Star mine 86 

Hazel Gn'cn mine 86 

Honest liob mine 88 

yfrnnaid mine 88 



CONTENTS. VII 

scription of mines and district-s — Continued. Page. 

Mines in Wisconsin — Continued. 

Haz^l Green-Benton district — Continued. 

Keystone mine '. 88 

Strawberry Blonde mine 88 

Coltman mine 88 

Etna mine 88 

Sallie Waters mine 88 

Jack of Clubs mine 90 

Meekers Grove district 90 

Creneral 90 

Trego, Raisbcck, and Gritty Six mines 90 

Doll mine 91 

Shullsburg district 92 

General 92 

Little Giant mine 92 

Hardy and Lucky Hit mines 93 

Platteville district 93 

General 93 

Elnterprise mine 1 93 

Empire mine 95 

Other Platteville mines 97 

Little Platte mines 97 

Mifflin district 98 

General 98 

Penitentiary range 98 

Gruno mine 99 

Ellsworth mine 101 

Sunrise and Sunset mines 103 

Linden district 103 

General 103 

Mason mine 103 

Robarts mine 105 

Glanville mine 106 

Mineral Point district 107 

Oeneral features 107 

Tripoli mine 107 

Dodgeville district 108 

General features 108 

Location 108 

Stratigraphy 108 

Ore deposits 110 

Development work Ill 

Williams mine HI 

McEinley mine 112 

Davy Pengelly mine 112 

Snowball mine 113 

Tyrer mine 113 

Hi^laod district 113 

General 113 

Kennedy mine 114 

Kennedy dry-bone mine ^^^ 

Lewis mine ^-^ 

EbeHe miDe ^^^ 



VII I CONTENTS. 

DcKicription of mines and districts — Continued. Page. 
Minos in Wisconsin -Continiiwl. 

Montfort district II9 

(lenoral 116 

Montfort Mining; Company 116 

Jones and Snow mine 116 

Lancaster district 117 

General 117 

Coon Hollow mine 117 

Eberle mine 1 17 

Red lX)g mine 117 

Potasi district 118 

Ore in the Prairie du Chien formation 119 

Owen 119 

Percival 120 

Whitney 120 

Murrish 121 

Oiamberiin 121 

Calvin '. : 122 

Leonard 122 

Sumrnar>' 123 

Genesis of the ores • 124 

Historical resume'' 124 

Early references 124 

J. (j! Percival 124 

J.D.Whitney 124 

T. C. Chaml)erlin 12o 

W. P. Blake 125 

W. P.Jenney 126 

Arthur Winslow 126 

A. G. L<»onard 126 

Calvin and Bain 126 

(\ R. Van Hiso 126 

U.S. Grant 127 

lUsum6 127 

Statement of the problem 127 

(io<)^ra{>hic distribution 127 

( ic()!o|cric posit ion 127 

Mode of occurrence 128 

Original source of the metals 128 

( )bjections to deep-seated origin 128 

ritiniatc source of the metals 129 

Zinc and lead hi Cambro-Ordovician rocks 129 

Deposition of zinc and lead from the sea 131 

( 'oncent rat ion in original sediments 132 

I^K'aiizntion of the ore deposits 133 

Original iniHjualities of deposition 133 

I»cal abundance of metals in solution 133 

I»cal abundance of oi-ganic matter '. 134 

r^)cal abundance of p<'culiar organic matter 134 

S<>condary ine(jualiti(»s due to the process(»s of concentration 136 

Chemical pnwx'sses involved 136 

The sulphate cycle 136 



CONTENTS. 

Genesis of the ores — Continued. 

Localization of the ore deposits — Continued. 

Secondary inequalities due to the processes of concentration — Continued. 
Chemical processes involved — Continued. 

The sulphide cycle 

The carbonate cycle 

Minor cycles 

General processes of concentration 

Alteration of the ores 

Geologic distribution 

R^um^ 

ESconomic considerations 

Guides for prospecting 

Old workings 

Synclinal areas 

Thick oil rock 

Topographic slope 

Underground-water level 

Methods of prospecting 

Test pitting 

Chum drilling 

Diamond drilling 

Methods of mining 

Manner of opening 

Tramming 

Equipment 

Labor , . . . 

Royalties 

Costs 

Methods of milling 

Grade of the ore 

Hand work 

Steam mills 

Roasting 

Magnetic separation 

Marketing the ores 

Lead ores 

Zinc-carbonate ores , 

Blende ores 

Index 



ILLUSTRATIONS. 



Plate I. General jjeolopr map of tlie upjier Mississippi rpgion 1 

II. Geoloj^ie map of the zinc and lead region in pocket. 

HI. A, Thin fn'ds forming No. 4 of general section of the Platteviile as exposed 
in the city (|iiarrie.s at tyjx* locality: B, quarry rock of the Platteviile 

covered by wavy U'ds at Mineral Point, Wis 22 

IV. Weathered .surface of (iaiena dolomite near Rockdale Iowa 24 

V. .1, rp|x>r thin U'ds of the (inlena with overlving Maquoketa shale near 
Julien, Iowa: li. Pitching and vertical joints in Galena dobmite at 

Kast Dubuijue 32 

VI. .1, Fii-st opening at DulMKjue, Iowa: B, crevices and openings at East 

Dul)U<|ue. Ill 54 

VII. Map showing distribution of old cn^vices in the zinc and lead region and 

area.- cox (»re(l by s|)<M'ial maps In pocket. 

VIII. Map of the DuImkjuc area .showing topography, geology, structure, and 

principal cn*\ ices o8 

IX. Map of the Ilazcl Green-Benton di.strict, showing topography, geology. 

stni<*turc. and mines 80 

X. Map showing topography, structure, crevices, and undei^ground workings 

in f he vicinity (>f t he I loskin and Kennedy mines 82 

XI. Map of the PlHtteville district, showing topography, geolog}\ structure. 

and mines 92 

Xll. Mop of the Mifllin district, showing topography, geologj-, structun-, and 

mines 98 

XIII. Mup of the Linden di.strict, .showing topography, geology, structure, and 

mines 104 

XI\'. Map of th<« Highland (list rict . showing topography, geolog}', structure, and 

mines 114 

X\'. Map of the Potosi district, showing topography, geology, structure, and 

min(»s 118 

XVI. -1. Hoskm mill and roasting plant: H, F^mpire mill, Platteviile, Wis 146 

Via. 1. The mounds and th(» upland and river terraces, as seen from Galena, III., 

looking soul hca>t 12 

2. Sketch nuip of Mi.ssissii)pi River Valley, showing gradual narrowing tovrard 

t he .sout h 14 

3. Diagram showing relations of present surface to ancient peneplains. 16 

4. Diagram showing monoclinal structure near Shullsburg, Wis 36 

5. Diagram showing canoe-shaped ba.sin near Mifllin, Wis 37 

6. Structure-contour map of an area near Mitllin, Wis 40 

7. Structure-contour map of an area near Masontown, Pa 41 

8. Structure-c()nt«)ur map of the Masontown, Pa., quadrangle .... 42 

9. Sketch map showing location of Stewart 's cave, Dubuque, Iowa 54 

JO. Lcvon 's cave, Dubuque. Iowa 56 



TLLLTSTRATIONS. XI 

Page. 
Fig. 11. Vertical east-west section aloug the McNulty crevice in Avenue Top mine, 

Dubuque, Iowa 57 

12. Typical occurrence of ore in roof of flat opening and in fallen masses at Kane 

Brothers mine, Dubuque, Iowa 57 

13. Galena metasomatically replacing dolomite, Etna mine, Benton, Wis 58 

14. T)'pical crevice area near Dubuque, Iowa, showing direction of known crev- 

ices and approximate production in pounds of galena 50 

15. Map showing crevices and old workings of an area north of Galena, 111 60 

16. Honeycomb ore from the Hazel Green mine at Hazel Green, Wis 62 

17. Section of flats and pitches of Roberts mine, Linden, Wis 63 

18. Disseminated galena in oil rock from the Enterprise mine, Platteville, Wis. 65 

19. Disseminated blende in oil rock from the Gruno mine, Miflflin, Wis 65 

20. Plan and cross section of Rowley mine. Buncombe, Wis 84 

21. Ground plan and cross section of the Empress mine, Benton, Wis 85 

22. Crevices and old workings in the vicinity of the Hazel Green mine, Hazel 

Green, Wis 86 

23. Ground plan' and cross section of Hazel Green mine, Hazel Green, Wis. ... 87 

24. Relations of the Meekera Grove mines to geologic structure 89 

25. Map of a portion of the workings of the Trego mine at Meekers Grove, Wis . 90 

26. Cross section north to south, based on drilling near Trege mine, Meekers 

Grove, Wis 91 

27. Cross section of workings in Dall mine, Meekers Grove, W^Ls 91 

28. Characteristic section of flat in Dall mine 92 

29. Map showing relation of mines to geologic structure west of ShuUsburg, Wis. 94 

30. Ground plan and cross sections of the Empire mine at Platteville, Wis 95 

31. Sketch of a small sheet of blende in the Empire mine, showing extensions into 

the dolomite below 96 

32. Sketch map of the Gruno workings, near Mifl[Un, Wis 99 

33. Typical section across breast in oil rock opening of the Gruno mine 100 

34. Section of breast in the glass rock opening, Gruno mine 101 

35. Map and cross section of Coker or Ellsworth mine, Mifflin, Wis 102 

36. Sheet of blende and marcasite in the Coker mine pitching through the oil 

rock in irregular seams 103 

37. Map of the Mason mine, Linden, Wis 104 

38. Relations of marcasite, blende, and cAlcite in the Mason mine. Linden, Wis. 105 

39. Ground plan and cross section of Robarts mine, Linden, Wis 106 

40. Ground plan and cross sections of Glanville mine. Linden, Wis 107 

41. Relations of mines to structure in the Dodgeville, Wis., district 109 

42. Sketch map of the Williams mine, Dodgeville, Wis 112 

43. Ground plan and cross section of the Kennedy dry-bone mine. Highland, 

Wis 115 

44. Small thrust fault near Potosi, Wis 118 

46. Map of principal crevices near Trego mine, Potosi, Wis 1 18 



NOTE. 

Thin bulletin is a s|H*iiaI Stato iNlition (750 oopiej<) of Bulletin No. 294 of the United 
Statfs (Tt-oiogiial Survey and is publit}h(Nl iu the Herien of the Wisconsin Geolojrical 
aiiil Natural History l^jirvey through theiMmrtesy of the Director of the United States 
Survt»y. ThiH is in acconlanco with the plan of cooi>eration between the two orjjan- 
iziitions, when'liy tlu* Stat(> undertook to make the detaile<l sim'evH and the National 
Survey to «lisruss llu* ^;(mutji1 features of the on? deponiti*. The bulletin ip I'oniple 
int'ntary to the Report on the U*ad and Zine Depo^itn of Wisconsin, with an atlas of 
(letaile<l maps, liy riyss««s Sherman Grant, publisheil as Bulletin XIV of the Wiscon- 
sin Survey, and the two shouM be used together. In printing this State edition cer- 
tain plates have he<*n (MnittiMJ as ncitinl l>elow: 

IM.ATK IX. oiiiitt.d StM' Haz«'I (im'n-Bentoii alliiJi shwt (No. XII) of Bull. XIV. Win. Oeol. Nat. 

Hist. Siirvt'v. 
IM.ATK XI. oinitH'il. >«•,' I'latlrville atlas hheH (No. X) of Bull. XIV. Wto. Geol. Nat. Uiiit.Sar\'ey. 
PLATK XII. UinitU'<l. S.H' .Milllin atlas .sheet » N«». VIII) of Bull. XIV, Wis. Geol. Nat. Hist. Simi-y. 
Pi.ATK XIII. OmitttMl. s»M' Miiural r<»iiit atlas .sheet (No. VI) of Bull. XIV. WiK Geol. Nat. Hlsrt. 

Survey. 
Pi atk XIV. (»milt.<l. Sr.' HiKhlainl atlas j-hett i No. II; of Bull. XIV, Win. Geol. Nal. HIrt.Suney. 
ri.ATF XV. (Minitr.l. s.». I'otovi atlas sluet . No. XVIII) of Bull. XIV, WI>«. Geol. Nat. Hirt.Sof^vy. 



ZINC AND LEAD DEPOSITS OF THE UPPER 
MISSISSIPPI VALLEY. 



By H. Foster Bain. 



INTRODUCTION. 
LOCATION AND AREA. 

The zinc and lead mines of the upper Mississippi Valley are in the southwest portion 
of Wisconsin and in adjacent parts of Illinois and Iowa. The boundaries of the region are 
in part indefinite, since sporadic occurrences of the minerals are found outside the mining 
region proper. It is usual to define the area as including Grant, Lafayette, and Iowa 
counties in Wisconsin, Jo Daviess County in Illinois, and an irregular narrow belt of terri- 
tory in CUyton and Dubuque counties paralleling the Mississippi River in Iowa. In this 
report a slightly smaller area is discussed, the region being limited on the east by the 
meridian of 90° west longitude. £ast of this meridian there are a few scattered pros- 
pects, but comparatively little mining has been done in recent years in the area beyond 
the boundary indicated, so that it is sufficiently accurate for present purposes. 

The location and limits and general geology of this area arc shown on Pis. I and II. 
The region is rudely triangular and has a maximum extent of 80 miles from north to 
south and of 60 miles from east to west, and comprises about 2,500 square miles. 

Not all the territory outlined is mineral bearing. Within its limits there are broad 
areas which, so far as known, are entirely barren, and the mines are clustered around 
certain centers or in certain districts, between which are stretches of nonmetalliferous 
territory. This grouping of the mines in districts is very pronounced and has been rec- 
ognized since the earliest development of the region. Certain districts are not sharply 
defined, and more or less mining connects one with another, as in the case of the Hazel 
Green and Benton districts. In general, however, prospecting for more than a century 
has failed to develop any ore in the territory between the several groups of mines. In 
this report the following district-s will be recognized: Dubuque, Galena, Sand Prairie, 
Elizabeth town. Hazel Green-Benton, Shullsburg, Meekers Grove, Platteville, Mifflin, Lin- 
den, Mineral Point, Dodgeville, Highland, Lancaster, and Potosi. Not all of these are 
equally well defined, and as a matter of practical convenience certain outlying mines will 
be taken up in connection with the nearest defined district. The prospects in the Prairie 
du Chien formation will be discussed separately. Fairplay, Darlington, Calamine, and 
several other of the older districts had no active mines at the time the survey was made, 
though mining has since been resumed in them at several places. 

The district is a rolling agricultural country, with a deep fertile soil. The farms are 
largie And well improved, and the nuniennis to^tis and villages are neat and attraciv^^. 
Waterworks, electric lights, and telepht>ne service \\u* Umw^ \\\ we'^xV^ "jJ^ <A "Cwevx. 
Dubuque, OaJena, Plattevillo, and Mineral Ptnnt are l\\o \e«L^\w^ cVvXie^. '^Vvi $L\^\.tvcV\\r^ 
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u'itliiii Vi) niili>s of ('hica^ro and ^iO() milcK of St. Louio and ifl well nerved by railwajN 
riu' (*hirup» and Noriliwi'stcni. tlu* Chiciigi). Milwaukee and St. Paul, and the Minenl 
IViint uiid Northrrn rrarli tlic <'anipfl at pn^sent most active. The Illinois Central afTords 
a (lir«Mt lin«' tt» tin- snn'lt<Ts near I^ Salic, while the Chicago, Burlin^on and Quiocy 
aironJN a fiin-rt linr to St Ijouis. The Chica^) (In'at Western aerv«»s the mines at Elia- 
iM'tli, 111.. an<l Ihiran^o and l>til>u<iuc. Iowa. 

.So far th<'n' an* not many hranch linrs to the min<*s, thougli a few have been Imilt in 
tlir lla/cl (iriMii-]i4>nton distrirt. In ^>n(>ral. coal and .supplicH mu8t be hauled to the 
phtnt^H by wa^ori at a cost of M) rrnts to $2 a ton. and the ort> must also stand a wagon 
hatil to thr cai-s. 

An I'Irctrir railway line ronntftin^ thr varimi.H ramps is projected and prolwhly wiO 
1n> iMiilt. 

HISTORICAL SKETCH. 

'V\\v prrs4'nrr t)f irn|M>r'tant on- dr}M>sits in the uppi*r Mississippi Valley early attractwi 
at(4'Mtion to this n>t;ion. Tli(> ra.'M' of travel along the MLssLnsippi permitted it^i rapid 
«'xph)ratii>n. and lon^ U^fop' tlwn' was any n»gular s<>ttlement within its limits lead hail 
iM'ctunr a rrpilar article of conunerce. It is improbable that the Indians knew anything 
of the >incltin«r «»f lead ores or the us<' t>f lead until they were taught by the French. Sincf, 
luiwever. French exploration of the region lM»gan with Xicolet's voyage of 1634, and the 
«K-cwrrenc«' of lead <»res was reported as early as 165S, there is no improhabihty in the 
>tateiii(>nt that as early as l(><N)'i lead was piin'ha.s(»d from the Indians by traders at 
Peoria. V<'t it wais a hundred years U'fon' white men settled in the region and took up 
regular niiniii*:. Tin' history of these an<l the years immediately following has been sum- 
iiiariz«'(l by Mr. KeulH'ii (i. Thwaites.^ while Dr. (). G. Libby, atisisted by F. Belle Stanton. 
Hernanl M. Palmer, and Allard .1. .Sniith,^ has made a social and economic study of the 
lea<l reixioii. based especially upon the hist<>rv of the first half of the nineteenth centun. 
Tn these sources in particular the reader de.siring fuller historical details is referred. A 
brief statement only can 1h> j:ivcn hen'. 

In the ci«xhteenth century the re<j:ion whs practically given up to Indians and traders. 
The presence of ore (iej>osit>i was well recojrniz<'<l. and the location of the mines was shovkTi 
on many of the map>. such a< that of Hennepin (lt)87), of William de L'Isle (1703), and 
«)f (iuettard (17")J). Leail was a n'jrular arti<*le of commerce, purehas4»d by traders at 
posts such a^ that of .Nicholas Pern)t. <»pposite the present site of Dubuque, and Le Gueur 
(UilO). on an island farther up the river. Thes<» s<Mtlements were, however, essentially 
temporary. (hou«rh M h- (luis in 174.5 found ei^hti'en or twenty mint»s in opt^ration along 
Fever \\\\vv. In 17<»«> a conccs-iiou ft)r mininji: was granted at St. Louis to Martin >rdoney 
Dinahle. who secius. howe\er. to have taken no advantage of it. 

The lirsi serit)Us attempt made by white men to.s^atle in the region for the purp<»se of 
mining' was that of |)ul>u(jUe. Accordinjr to S<'hoolcraft,rf to whom we are indebted for 
the lirst j)ul)lishe(l account of the DuImujUj' mines, the di.scovery of lead at this point was 
nnule by the Indians themselves, as he states in the following paragraph : 

III iTsii.i iis(<>v<r.\ of \vi\>\ uri' wji*- ni;nleiiiMiu t lu'ir laiuls by the wife of Peosta. a warrierof the Kottlo 
<"lii<-f< \il|ji|^'<-. .iimI cxicti-iv.' mmes h:i\c vime I.eoti «lis4'(u-ore<!. Thefie were granted by the IudiaD!<i to 
.liilit'ii I)nl)ii<ii:<- at n • .miik il li»'l<l jit I'rairirdn Chii-n in I7SS. l»y virtue of which he settled upon the lands. 
crcttt'il l.mliliiiL'-- aii<i fiiriiact's. an-l cftiit iiiii«-<l to work the mines until the year 1810. In the meant inu* 
. 17!»»'.) lir n'<ri\<<l M <<>nlirMiati"n of tlic liMiiaii irrant from the Baron de Carondelet. governor of 
l,oiii>iana. in w liidi \hv\ \v»t<- (i<'-ijriiat<'.l the " Miii*-^ of Spain." 

I'nder l)ul>u«ju«''s iiWiiue several mines were opened, though it seems that no shaft>s were 
sunk. The o:e was j)l)tained bv mean^ of tlie Ihm'. ^ihovel. orowl>ar, and pick from carelessly 
protected drifts, (rood roa«N were. Iu)wever. built to the furnaces, one of which was erected 
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near the mouth of Catfish Creek, where Dubuque had his house in Kettle Chief's village. It 
is stated that up to recent years the sites of two of Dubuque's furnaces were well known — one 
on E^le Point avenue, near Heebs's brewery, and the other between Main street and the 
river. Hon. M. M. Ham has given « a graphic account of Dubuque and of his life among 
the Indians. While Dubuque's concession covered only certain lands west of the Mississippi, 
he seems to have also carried on considerable trade in ore mined by the Indians east of the 
river. 

A visit to Dubuque was one of the objects of Lieutenant (later General) Pike's expedition 
up the Mississippi in 1805. He found M. Dubuque *' polite but evasive '' and did not visit 
the mines, although there is an interesting statement, signed by Dubuque and Pike in 1805, 
in which it is declared that 20.000 to 40,000 |X)unds of lead were made per annum, that 
being a yield of 75 per cent. It is also stated that copper liad at that time been noticed, 
although no attempt had been made to reduce it. 

After Dubuque's death the Indians burned his house and fences and destroyed all traces 
of civilized life. They continued, however, to work the mine^ intermittently, selling the ore 
to certain Indian traders who had furnaces located on Islands in the river. One of these 
was owned by George E. Jackson and was on the Illinois side of the river, al)out opposite the 
mouth of Catfish Creek. For a decade following Dubuque's death the mines seem to have 
been practically abandoned to the Indians. In 1810 Nicholas Boilvin. Indian agent, 
reported that they could produce about 400,000 pounds of metal. In 1815 about twenty 
rude furnaces were said to be in operation by the Indians in the vicinity of the present site 
of Galena alone. 

In 1819 the influx of white men into the region began with the establishment of Shulls- 
buiig by Jesse W. Shull, under military' protectiim, and in 1823 Col. James Johnson began 
c^rations on a considerable sc^le at Galena. With tlie exception of the period of the 
Black Hawk war, settlement and development of the area proceeded rapidly from that time 
till 1850, when the discovery of gold in C^alifornia and a series of other causes turned the 
tide of immigration farther west. 

In Iowa settlement was held back till 1833, ownng to delay in the extinguishment of Indian 
titles and the determination of the General Government not to recognize the title of Dubuque's 
heirs. In 1830, under the leadership of J. L. Langworthy, and having previously obtained 
consent of the Indians and the Dubuque heirs, certain miners from Galena crossed the river 
and began work. It is said that the Langworthy crevice on Eagle Point avenue, still occa- 
sionaDy worked, waslocated at this time. The Government held, however, that the country 
was not yet open to settlement. Troops from Prairie du Cliien drove out the miners and 
burned their cabins and for some years yet the Iowa mines were worked by the Indians. 
Schoolcraft b in 1820 made a canoe voyage from Prairie du Chien to the present site of 
Dubuque, at that time known as the Kettle Chief's village. The main workings then seem 
to have been west of the river, although Schoolcraft enumerates, in addition to the Dubuque 
mines, the "Sissinaway mines" and the "Mine au Fevre," the former'tlie prototype of the 
Wisconsin mines and the latter the earliest workings at Galena. What are known as the 
Durango diggings, then passed under the name of the Mine of Maquanciuitons. School- 
craft's description, the first wliich we have of the mines of Dubuque proper, is as follows: 

The difitrict of countr>' generally called Dubuque's lead niinea embraces an an>a of about 21 square 
leagues, ooxnmencing at the mount of the Little Maquanquitons^ river. HO miles l>elow Prairie du 
Chien, and extending along the west bank of the Mississippi 7 leagues in front by .') in depth. 
*he principal mines are situated on a tract of one square league, commencing immediately at the 
Fox village of the Kettle (^hief and extending westwanl. This is the seat of the mining operations 
formeriy carried on by Dubuque, and of what are calle<l the Indian diggings. The ore found is the 
common aulphuret of lead, with a broad foliated structure and high metallic luster. It oci'urs massive 
and diaaemJnated, in a reddish loam, resting upon limestone rocic, and sometimes is seen in small veins 
pervading the rock, but it has been chiefly explored in alluvial soil. It generally occurs in l)eds or veins 
which have no great width, and run in a certain direction -W) or 4no yards - then oeaso , c\t ^x^ \.t%rs^\v\\» 
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•^i.ni*- rn\ III- in \\\v nH-k. hii\ iii>! I In- ii|i|H-MrMii<i- nf u n'giilar vi*in. At thii> stiigc of the pundiil ninrtiif 
till- ■li^.Tiia'H Iiii\«- l'i-4ii II > HI mil •lift 1 HiKl fn-<]i]i>nily with mtiimII vimiis of on* hi view. No matrix i^ fr>!;D>1 
wit]i till -.r- wl.ii li i«.'lii>:iiiit lif ilit-iiMuvjiil-Mijl. hiii ii i!ii'iiVi'lii|iO(l l>y thf>imk(il ourth.and thi<lii!r.|"trif 
■ ip' :iri' iTii ni-ti-'l !•> ;in «Hh«-niii- ••iirlh. o«i-iiKi(iiijilly. hnui-vt-r. Hfiim- pirti'M i>f i-alcarrYtii* -jpar »r* 
!hr«iwii ••!:! i.f tJiiiarUi in •li^'yiii^ :ifliT It-ml. jiml r piiki-l up a railitan- »«|i4^-<nifn of thn tninspnn-m«iJ- 
ph.it"- «'f JiJiryt"-. I'll! !h«'M- <uli>tHiii-«-« iip|Miir tn 1m' vi-n* run*. Thi'iv i.-s iimip of tho nidiHt'il fiiwrt/.-.-t 

uliiti iip.ii|iii-. Iii;iv> «p;ir. wliu-ti l^ > nini<iii iit thf MisMuiri mini's. Thrcalt-aninis nic-k ii|Minuliiili 

till- ;illii\ iiil f«»nn;itiiin. i-tinliiniiii^: Ii'jkI nn-. n-sl?.. HpiH-arn U* lir rpfi-ntMo to thi* transition i-lii!*?>. I 
h»t\«' II' 't .f^ • r!;iiinii it*- p.iriiinliir i-xti-ni nlMiiit thf mini's. Thi* mitif fnrmution is ««fn. ••Vfrldiii )'>» 
• li>tiiiit •.triitiini iif finipiii i liiin-vtnni-. <-iiiitiiinni^' niiiiii'riinrt pi-lrifHi-linits. at scvt.-rHl pluf-i-s l'«t«rt>i 
ih«-niiin«. iiifl rr.iini-iiiHhii-ii Thi-li-jul nrr iil ihi-M niiiM-** is imw i^xihisivcly ijiiplfy thf Fnx Imlum: 
iiii-l ;i- 1- ■;».iii! .iMM'iiL' -;i\;iL'i- trili«-«.. lln-i hirf liiliiir(ii-v<iiv(>9uiK»ii 1 he wimicii. ThiMilriHnil siiprmnm^ 
:it«'l iiH M itN" p;iri;iki- in thi-i- Ijilmr-. >iiit thi* wjirriiir-Minl youn^r mm hnhl thvmH>lv<'.<(HtH>v»'it. Thn 

i-Mipl'<> I hi- 1 .-Iii'\i-1 pnkiix. iiii'l irii\\-lijir. in tiikiii^' np ihi- on*. Thos*' thlii^< iin- snpj ImI hj 

the tr:i<l<T'>-. Iiiit 1)11 >>h;ift> ill •• simk. not i-vni of tlii> .xiiiiplt'st kind, and thr wimllasx and lHjcki't« ar 
iinkniiWM jiMii.iij: thi-ni rhi-\ lun iirif!> inio thr hills so far as thi-y i-iiii nmvoiiirntly jro without ih 
iivfiif ^'.iMpiiNi'JiT .-iiiii if;< tn-iii h fiivi-s in it is MhaiidoMHl. Thi'V always di»; down at siii- )i an :in^'li> thu 
tl'i y w;i!k III :iiid "Ut "f tin- pit-*. iiikI I d<-^-i>ndc«l intn our of thi'W whirh ha<l pmlially I irii f-Hrri^ 
d"w:if"r |M fr. t \llihi* I" thi-Miirkiif thr Itidian wonii'ii andold mm. whoi|isc«»vnra di-jtn-o i.f jN-rt* 
vcriiiii I- :iii'l ini]ii''try whii liioili'M-rvin^iif cfimmt'iidHtioii. Whi'nafpiaiitity of orf> has N>i'nf;ntfrrit<:i 
11 i-i;irrii^l III iM-ki't"* hy tin- wniinii (•• thi> h:iiiks of I h<> Mississippi, ami thi'n forriitl ovi-r in rami's; 
tin i^l.iii-i \ilii-ri-it In pun ha sill )•> tin- tnidiTs <it the niti' of $2 for I'Jii |Niimds. ftayahic in i!imm1^. A 
t!n' pr.'tit- .it M-hiili tlii-r .m- ii'^iinJIy ^nM it may l>i- iin'Minicd to mst thi' tniders T.'i criits tofl.rh<il 
\:iliif. p«T liiiii«lri'd w«'i>:lit. Till' tnolrfs >iin'lt thi'nn- u|»on tho isluntl. in funiui-cjc of th»* sameitiii 
^tnii iii>ii M^i •! :it till- trail Miin«-<> ■•( MisMHin.iirxl hIimtxp that it yiiOdsthPsanio iM-rt-rnt of inrtallit' k:iii 
Ki<iiiiirl\ till- Iti'llati- wi-n- ill tla-haliit nf snirjiinn ihi'iron' thrms4>lv('s. ii|Mm log hra [in. hy which 
irn-ai pi'riii'ii wa- i'iii\«rti'l imIm what Jin- iiilhil Irad a^^hrs and thus lost. Now thr tni'liTS inili:c 
ilitrri t" -I a nil :il..'it tin- -;ti--«if tin- ;itii n-nt fin-*, iiinl cHn'fiilly nijlwt thn li-ad Hsh«»*«. fur which llii" 
ri-i . i\»- »! jH r »i<i-lii-l ililiviri'i .it tin- i-^laiid. piiyahlf iti tiirn-handisc. 

Tin- liiiiil u|H'iiiii;»' of till' <iiim!i-v t<>ok pliuf in ISIW. Dr. A. (r. lieijnanl lias •«uniinariz(N 
flu- rircMiM^hiucrs »s Im'Iow : «' 

\t tia- 1 1'>-< of tin Uliii-k iliiWk uar tin- hir>!r- tnut known as thr Mla4-k Hawk pun-has*'. Im Iinliri 
..ii. -tl.ir.j "i I'm- pi.-«« lit .in a '-f lowa. \s:t< < i-«|i-«l to thr Init*'*! Stat«'S by tho .<at'Sanil FfiXt-s. .Xftcrth 
i ..iiipli Ti-ii ..1 111! t nat\ nrL'"ti.ii ii'ii-« tin- imIihts imaiii rnissi'«l ovr-r into thorov<>tifl nvJon. whon* lli«- 
liiiilf I :i!iii' .iimI I ■•iimirr:- 1 -1 to taki-tnif iniii li on-, lint n sii-oml tiim- thry wrn' fon-***! to li-avi' lift-aii; 
tl>i> tn.ir\ 'iM'i not ln-i-ii r.itit'a'ii In.liuM'. 1s:l<. ttir tn'iity wont into I'tTH't and thr May was at l«'n^'1 
I '.i-.ir I..r - itln- t.. ta^.- [..i-ms-i..m .'f tin* laiai. IMirinj: thi- nrxt fi'W yoarp larpr numlirr<* flotki^l ii 
pni>piMriiii.' \Na«- .111 i\i-ly •arrn-'l kii anil many iiiini'«: wi-n* .-tiKin in i>{M'nitioii. 

ria-lir-^t li-L'i-laii.Mi ■' ill l..\\a .|ati-«l fmiii l.^iii. hi liitir of that yciira mimlH>r<if miiUTMnft on tl 
l-.-mk-'-f tin- M !•>•«:-• ipi i .iii-l iri.u t.--! n-L'uiat imi- lM;;iiviTti ihrm in Ihf-ir ri'lations to rarh ot]nT. '>i 
iif Till .iri i< li - \\.i>- il.at "iv< ry riiaii ^liall li<>|il Ji"i >ani> sipnirr' (»f f;n>iinfl l>y working said proimii oi 
d.iy i:i >i\." M'li I- >iil:» r iiiii n-i ini: lii->li>r\ iIm<1its jin>iitifl thoM' mini's, hut it is fon'ign to o'lr pu 
p.iv,. I,, ^',, ii:if. tli.it pl'a-i- i.f till- -111. i. it In-n-. 

Km ii «|Ujiiiri- «if ii iriiiuiy ilir poliry nf j^oviTninont owiirrsliip (if ininr.s wa.s trie* 
I'lidrr in't nl" (\»rit:ri'v- of MsiK li .'i. 1S<)7.'' thr ininoral htnds of this district, hs woll as (VShv 
tinn^ ill Niiiiihrm Illinois :in«l u U'w lowii^hipN iti northorii Arkai).<<iis, wi»rr ipsen'od fnnn sa 
uitli till* |>rii\ ixjoii tli.ii iIk'v ^liMiihi l)o l<>;i>i>fl i>n ati annual mital. In tlieGaloimdistrict tl 
i«-.ri\i<l hoJdinL'^ :iiiii«iniiod in ;U."),<yKi acios; in Iowa t«» lH4.,'t2() an vs. and in Wisconsin I 
IJJs.l'^n ill 11- -N" Irji-i- -i-riii tn \\'A\r \\rri] oMT ^raiitt'd in Arkansas. A fow onl; 
ln'^riiniiii}^' wiili «»iM' in 1>JK» i^-iUMJ l>\ tic oovcrnor of Indiana, won* granted in ^imthiM 
Illiiini-. I»ut ill tho iij)p«'r Mi^-i-^-ippi VMllr\ iho system was carrnMl out for sonu' vcar 
Till' Ijiiid- won' til lir-t uinirr i-luiru'r of thr Tirji-iirv I)<'partin<»nt . btit in 1S21 wen* tran 
fnitMl 111 tho W'nv Dcpnrt iiiop.t . A Nii|X'riiidondi'nt of mines, with .siiitahlc assi.«itant>. wi 
oiiiploM-d iind a ion all \ nl' olio '^ixtli to one tenth, paiyaliie in K>ad or ciush. was exaetei 
Tlir lii-^t lo:i-e iit (oili'iiii wii^ thkeii l>y('>il. .liiiiie.^ .hihiisiHi in 1S23. and in 1840, 2,fK)i{ iea.<4 
had heoii ;:rsniiefl. of wlii'li ."ijs \v»'ii' oin^fjimlin^. The syMem early provoked <ip|Misilic>: 
and nnicli ft id ion eiiNUi'd. \erv few lesi.si's weio omt taken in Iowa the Io«*hI (*oiirts Ix'ii 
<ieeidedly aiitai:i»iii-»t ic to the s\stem. In iSHi. wln-ti it was alM>li.shed. a total rrtuni ' 
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$145474.40 had been realized between 1841 and 1845, while it had cost 168,464.50a directly 
to collect' the rents, and a considerable additional sum had been spent in litigation. It was 
therefore decided to sell the lands. 

Preliminary to this a survey was ordered in 1839 and placed in charge of that pioneer 
geologist, D. D. Owen. This survey was in many particulars unique. Owen began 6eld 
work in September and, with the aid of a large number of assistants, finished it before 
winter. A report, accompanied by maps, sections, figures, descriptions, and fossils was 
submitted to the Land Office on A pril 2 following. This report was printed without illus- 
trations b in June of the same year, and a revised edition, including the omitted plates, was 
printed in 1844.c In this survey a large area, including the whole of the mining section, 
was traversed township by township, and the character of the rocks was noted. In 1847 
Owen executed for the Treasury Department another survey of the Chippewa land district 
and in his report on that region d gives certain additional details regarding the lead and 
zinc region. 

In the course of a still later survey he visited the region again, and in his well-known 
quarto report he briefly discusses the geological formations present.^ Owen was accord- 
ing! j the first geologist of note who studied the region in detail, and his conclusions, based as 
they were upon a long and intimate acx]uaintanc« with it, are worth}^ of the utmost respect. 
It is curious to note, however, that he entirely overlooked the Maquoketa shale and con- 
• fused the Galena and Niagara; and it can be readily believed that in this, as well as in his 
opinions respecting the deep-seated origin of the ore deposits, he was misled by the ideas 
then currently accepted. 

In 1854 J. D. Whitney published his Metallic Wealth of the United States./ Having 
made certain investigations in the region in the course of private professional work, he gave 
a very accurate though brief account of the mines. His ideas were later elaborated in the 
course of his work for the three States, Iowa, Wisconsin, and Illinois, for which he succes- 
sively studied the field. In his reports he covered the whole ground excellently, and, it is 
no disparagement to others to say that together they form the most complete account of the 
field yet published.^ Professor Whitney visited the region in the years of the maximum 
importance of the lead mines and his observations are accordingly particularly valuable. 
It was, however, after his work was finished that zinc became of value in the region. Indus- 
trial conditions have also largely changed, so that there is now much of interest to be added 
to his report. 

Aside from Whitney and Owen, the l)est known of the earlier investigators in this region 
was J. G. Percival, who made a study of the lead region for the State of Wisconsin in 1854 
and 1855. Accuracy of obvservation is everywhere characteristic of Percival's work, but his 
conclusions as to the origin of the ores and the Ix^st methods of working them seem to have 
been unfortunate. A Like Owen, he followed the current theory of the period. 

The later Wisconsin survey renewed the .study of the region, and in the elaborate papers of 
Moses Strong « and T. C. Chamberlin ; we have the most detailed study of the region 
extant, with, in the latter case, a notable addition to the discussion of the theoretic consid- 
erations involved. 

About 1893 attention was again attracted to the soft-lead deposits of the Mississippi 
Valley, and a few years later the zinc ores of the region became pn)|H.'rly appreciated. The 
most notable resultant contribution to the literature of the sul)jcct was the report on the lead 

• Senate Ex. Doc. No. 87, 29th Cong., 1st sess., 1846. 

» Bouse Ex. Doc. No. 239, 26th Cong., 1st sess., 161 pp.. Washington, 1K40. 
eRept. Ctool. Expl. Iowa, Wisconsin, and Illinois in 1839, Washington. 1844. 
rf Senate Ex. Doc. No. 57, 30th Cong., 1st sess., I'M pp.. Washington. 1848. 
«Rept. Qeol. Survey Wisconsin, Iowa, and Minnesota, ft'W pp., Philadelphia. 18.')2. 
/Philadelphia, Lippincott, Qrambo & Co.. 1854. 

fOeol. Survey Iowa (Hall), vol. 1. Albany, 18.58. pp. 286-29.5,422-471. Geology of Wisconsin (Hall), 
vol. 1, 1802, pp. 7^-424. Geology of Illinois, vol. 1, Springneld, 1866, pp. I.^a 2()7. 

* FwdTtd.J. O., Ann. Rept. Geol. Survey Wisconsin, 101 pp., 1855. [Second] Ann. Kept. Geol. Survey 
WiwonaiQ, 111 pp., 1856. 

i Geology of Wisconsin, vol 2, 1877, pp. W3-752. 
> IWd., voL 4, 1882, pp. 3&5-.77J. 
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and zinc- d(*pusits of MisHuuri hy Winrilow and Robertson <> published in 18^. Although 
nominally (I<>vot<Ml to the Missouri field the report covers practically the whole subject, and 
contains very full noti's uu tlio upfXT mines, but not hinfj; original concerning the latter field. 
Tlio miw'ting of the Int<*niational Engineering Congress at Cliicago in 1893, and the reading 
then* of PosTpny's famous ])aper on the origin of ore deposits, led directly and indirectly to 
th<> publiration i>f a numl)or of pa|N*rs in which the phenomena <»f the region are discussed. 
Amorij: the mon* im|M)rtant of those and other** of the same pori«xl are those of Posepnyfe, 
.lonncy , '• Blake/' Winslow. f R(j4N>rt.Hon,/ C1iaml)erlin,a and Roethe.* The organization of 
the Iowa (icological Survey in 1S92 and c)f the Wwconsin Geological and Natural Illstonr 
Survey in IMW has |K'riiiitte(i a rathiT thorough restudy of the region. The publications of 
thesi' organizatoiis. as well as most of (he other important geological papers on the region, 
are listed chronolotncally in the following brief bibliography. This was compiled origi- 
nally by Dr. I*. S. Grant. A few additions only have been made to his list. 

BIBLIOGRAPHY. 

18)ei 

S( ii(i{)L« R.M-'T. H, K. .N'arnitlvt'jounial of travels, etc. Albany. 

FK.\TiiKKSTnNiiAi-(.ii. <i. \V . Kc|M»ri of ii g(H>logicul rpc«mm>iHiiaiic«r Ui 1835 from the seat of govemnunt, 
hy wiiy of iJn^-n Hny and tin* Wi}*p«>ii8in territory, to thcCoteau dii Prairie, p. IHS, Washington. 1S36. 

IH40 

owKN. I). I). Kept. p»t>I. expl. <.f parts of Iowa. Wisconsin, and Illinois: House Ex. I>oo. No. 3»,36th 
Con^.. Isl s«'ss., If)! pp. 

tK4*^ 

H<UMiK. J. T. Oil tlie Wiwroiisiii and Mis.Honri leiwi n'pon: ,Vm. Jour. Scl., Ist ser., vol. 43. pp. 35-72. 

1K44 
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OWKN. I). 1). Ht'pt. m-ol. nfoimoissHiu'c of the CMiipi>ewa land district: Senate Doc. No. 57, 30th Cong.. 
\<\ soss, \:\A pp. 

1851 

11 ALL. Ja-ML.s. l.owi^r Siliiriim >yst«'m: Krpt. on (Jeolopy Lake Superior land dlst. (Foster and Whit- 
ih'v I. Senate K\. l>oc". No. 4. spl. ses.s.. ls.')l. pp. \M\ MS. Also in Am. Jour. Scl., 2d sen, vol. 17, pj». 

ISl 1111. 

OWKN. !►. D. Ki'jit. Kre«)l. siir\ey W i.'^t'onsin. Iowa, and Minnesota, h:{K [)Hg«*8, Philad^phU. 1852. 

1K54 

Danikls, i:i»wai:i>. Soiih- f»;itiit«>.s of tin- irad district of Wi.sconsin: Proc. Boston Sue. Nat. Hist., vol. 

.'.. pj.. -.isi ;iyi. 

First .Vnii. Kept. <;«'oI. Survc-y ^Vi^^•onsin. pp. 7 (Hi. 
WniTNKV. J. I). .MetHllic M«'alth of the Iiiitcd Statrs, pp. 4(KM17. 

1 Hr*,'* 

Pkui iVAi . J. <;. .\nn. Kc-pt. (Je<»l. Survry Wiseonsiii. pp. 7-101. 



" Load and 7inc <l«'po.sit'4. hy Arthur Winslow, assisted l»y James B. Robertson: Missouri Geol. Sur- 
vey, vol.s. anil 7, .IelT«'rson ("itv. IXH 

f> Posepnv, Fran/. Trans. Am". Inst. .Min. Kug.. vol. 2:{. 1S<»4, pp. 197-360; vol. 24, 1895, p. 9C" 

f.Ienney.' W. 1'.. ihid.. v(.l. 'J2. 1h<^, pp. 171--J2.*.. 

d Blake, W. P.. ihid.. vol. ITJ. 1K'.»4, op. .V.S ,'j<kS, ;V.l)-.')74. »12 1 -<>;i4 : vol. Z\, 18M. p. 587. Bull. Geol. Soc. 
America, vol. .'>. pp. 2.'»-:{2. Trans. \\ im on.sin Acad. Sci. Arts, and l^t.. Dec., 1892. Am. Geologist, vol. 
12. ISUJ. pp. 2'i7-24S. 

< Win.slow. Arthur. Trans. Am. Inst. Min. Eng.. vol. 2.{. j). Ihjm. pp. 528-629. Jour. Geology, vol. 1. 
I89;i. pp. fil2-fil0. 

/ Robertson. J. 1).. Am. <JeoIoi:i.st. vol. l.*». IsHo. pp. 23,V24S. 

(f('htiml}erUn. T. ('., HuW. ^Jool. Sm-. America. vo\. r>. MU, v.'Ai. 
ARot'tbv, A. J., En^. and xMin. Jour., vol. 0\, pp. «S>-«i. 
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Peecival, J. G. [Second] Ann. Rept. Geol. Survey Wisconsin, 111 pages. 

1K5H 
Whitney, J. O. Geol. Survey Iowa, vol. I, pt. 1, pp. 422-471. 
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Whitney. J. I>. Report on the lead region of Wisconsin: (Jeol. Survey Wisconsin, vol. 1, pp. 73-420. 

18H« 

Whitney. J. I). Geology of the leiwJ region: (Jeol. Survey Illinois, vol. 1, pp. l53-'2f)7. Also in Kconom- 
ical Geology of Illinois, vol. 1, pp. 11^162, 1882. 

1870 

White, C. A. Lead and zinc: Geol. Survey Iowa, vol. 2, pp. :«9-342. 

1871 
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1873 T 
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Geology of Illinois, vol. 3, pp. 20-54, 1882. 

1877 

Strong, Moses. Geology and topography of the lead region : Geology of Wisconsin, vol. 2, pp. 643-752. 

1882 

Chamberlin, T. C. The ore deposits of southwestern Wisconsin : Geology of Wisconsin, vol. 4, pp. 365- 
571. 

1883 

Strong, Moses. Lead and zinc ores: Geology of Wisconsin, vol. 1, pp. 637-655. 

1893 

Blake, W. P. The process of geological surveys in the State of Wisconsin* a review and bibliography; 

Trans. Wisconsin Acad. Scl., Arts, and Letters, vol. 9, pp. 225-231. 
Jenney, W. P T/ead and zinc deposits in the Mississippi Valley: Trans. Am. Inst. Mln. Kng., vol. 22, 

author's separate, p. 6, 11, 38. et seq. 
WiNSLow, Arthur. Notes on the lead and zinc deposits of the Mississippi Valley and the origin of the 

ores: Jour. Geology, vol. I, pp. 612-619. 

1804 

Blake, W. I*. Wisconsin lead and zinc deposits: Bull. Geol. Soc. America, vol. 5. pp. 25-32. 

. The mineral deposits of southwestern Wisconsin: Trans. Am. Inst. Mln. Eng., vol. 22, pp. 568- 

568. Also In Am. Geologist, vol. 12, pi5. 237-248. 

. Discussion on genesis of ore deposits: Trans. Am. Inst. Min. Kng.. vol. 22, p. 587. 

. Discussion on lead and zinc deposits of|the Mississippi Vallby: Trans. Am. Inst. Mln. Eng., 

vol. 22, pp. 621-634. 
Chamberlin, T. C. Discussion on Wisconsin lead and zinc deposits: Bull. Geol. Soc. America, vol. 5, 

p. 32. 
Jenney, W. P. 1/ead and zinc deposits of the Mississippi Valley: Trans. Am. Inst. Mln. Eng.. vol. 22, 

pp. 171-22.5,642-646; especially pp. 208-212. 
Leonard, A. G. Occurrence of zinc In northwestern Iowa: Proc. Iowa Acad. Sci., vol. l, pt. 4, pp. 48-52. 
WiNSLOW Arthur. Discussion of lead and zinc deposits of the Mississippi Valley : Trans. Am. Inst. 

Mln. Eng., vol. 22, pp 634-636. 

. Lead and zinc deposits: Missouri Geol. Survey, vol. 6. pp. 135-156. 
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Calvin, Samuel. Geology of Allamakee County: Iowa (Jeol. Survey, vol. 4, pp. 37-120. 

HoBM, W. H. A contribution to the mineralogy of Wisconsin: Bull. Univ. Wisconsin, scl. ser.,v<v\.A, 

pp. 1(^-156. Also In Zeitsch. f. Kryst., vol. 16. pp. 257 27.^. 
Lbonabd, A. G. Origin of the Iowa lead an.l zinc deposits '. .\u\. v\«HAo^«X,Nv\.\fe,v^.'T«^T6^' 
. iMuiDgleAd mines: Proc. Iowa Acad. 8cl., vo\. % pp! Wi>-^, 
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' Hai.i.. S. II. iiipi SMirii. \. K. Th«'piil(t);y hikI ort'depoHitNof tht* UeutondUtriot. l^afayetle rntiniy. 

WiTiiiifiin; Th«'sis. rniv. Wijtooimiii. Not piiblUhed, but In l'niver»lty library'- 

I lfN>« 

H\iN. II. F. IYi-hiiiinar\ nptirt m) thi'lrad and zinc dcposltM of th<> oeark region, with an introduction 
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Ann. Ki-pf . I'. S. Urol. S:irvi'y. pt. J. pp. '£\-227. 

\ AN IIi>K ('. K.. iiii'i II VIS. II. K. L«>a(l and zinc depotntfl <if the MiMlasippi Valley, V. S. A.: Traiu. 
Iii3l -Miii.m.: KnjriiiiH'n* ' Krinlandi. vol. 2{. pp. .'176-1.14: eNpecially pp. 40&-430. 
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; (rKANT U 8 rtviimirmry ri'iKtrt on thi> load and zincdi*iM)iiit8of Routhwe«tem Widconnin: Bull. Wi»- 

imi-'t- .«M-. 111. Sitt Hist S'.irvoy No. ?*. pp. IW. 
Nnn(»i> ^ »•''{. ^ K Vhv WiM'onsiii '.inc floids: Kng. and Mln. Jour., vol. 7«, pp. »47-H<l* 
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I 

I IMU)l>r< TION. 

PAST PRODXJCTION. 

) It is j>4>s.<ihlr to ;irri\<' at fairly acctirutr li^invs of the past pnxluotion of the district as 

! ii'^aiils I<Mi<l. l»ut tlir total ziin- pnxliictidii is much less accurately known. 

i 

I I.KAI). 

I 

Stnmt; f^ivr-; ilic f«>ll(»\viritr cstinuiics of tin' lead pr<Klucti(»n i»f the n»j;ion:<* 

Kstititatti! lull/ fiUMlurtion., hij deraiUa. 

Tons. 

is:»l lx:il 21.244 

isju 1S41 ;i:i.7is 

1K41 ls.'.l 2ir.,o?.i 

ia->l l.siU 161,334 

lSfil-lK71 M,700 

Total 538,975 

"iJcol. of Wisconsin, vol. 2, IS77, i>. 750. 
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For the decfule 1871 to 1881 the production maybe (»ti mated from variouA sources a as 
amounting to 49,000 tons. After 1880 the production was very small, probably averaging 
leas than 1,000 tons a year up to 1900, at which time the recent revival in mining began. 

If the production be estimated at 1,000 tons a year for the entire period up to 1904, the 
result probably would not be far wrong. The total production would then be as follows: 

Efftimated lead production, by periods . 

Tons. 

1821-1871 538,975 

1871-1881 <9,000 

1881-1904 24,000 

Total 611,975 

It is less easy to get at jthe value of this metal, but it will probably be safe to say that it 
sold for approximately $.')0,000,000. The maximum production, it may be noted, was 
between 1840 and 1850. In 1845 and again in 1847 more than 27,000 tons of lead were 
shipped. 

ZINC. 

There was no market for zinc ore prior to 1860. In that year the La Salle smelter began 
to run, and in succeeding years the oxide furnaces at Mineral Point, Wis., the smelters at 
Waukegan and Peru, III., and at various points in Indiana were built, and sent buyers into 
the region. 

Strong b has given detailed figures of the production up to 1876. The total amounted to 
69.467 tons of carbonate and 57,728 tons of blende. The output of succeeding years is less 
accurately known, but from the best available data it has been roughly estimated that up to 
1904 approximately 425,000 tons of zinc ore had been sold.<^ In 1904 the output was esti- 
mated at 19,300 tons.<^ This estimate appears now to have been somewhat too low, and it 
will probably be conservative to estimate the total production up to 1905 at 450,000 tons, 
though no great accuracy can be claimed for this figure. 

The early prices paid for the ore were very low — $3 to $8 for the carbonate and $4 to $12 
for the blende. In recent years the product has been entirely blende, which has sold for 
much better prices. Nevertheless, it is probable that up to 1905 the total zinc sales of the 
district had not greatly exceeded $10,000,000 in amount. 

PRESEirr PRODXJOnON. 

The zinc production of the district is now rapidly increasing, and for the year 1905 
approximated 33,000 tons. 

REGEKT XIKIHO AUTIVITY. 

After the decline of the early lead-mining industry there was a period of forty years dur- 
ing which farming, transportation, and manufacturing absorbed almost the entire attention 
of the people of this region. A little mining was being carried on always, but the output 
was small and uncertain. Prices were low, experienced miners were scarce, the old leads 
had been woriced down to water level, and no one knew exactly how to dress the blende- 
marcasite ores found below. 

The rise in the price of zinc ore of 1899 again attracted attention to this region, and since 
1903, in particular, its development has been rapid. The following is u partial list of the 
mines in operation early in 1906. Development has l)een so rapid recently that even this 
list is probably not complete. Many of these mines have bt^en opened or equipped since the 
survey upon which this report is based was made. 

At PlatteviUe: Enterprise mine and mill, equipped with roaster; Trego mine and mill, 
equipped with roaster; Empire mine and mill; St. Rase mine and mill; Klondike mine and 

aWinslow, Arthur, Missouri Geol. Sur\'ey, vol. 6, 1894, pp. 147-148. 
6 Strong. Moses, Geol. Wisconsin, vol. 2, 1877, p. 74^743. 
eBun. U. 8. Geol. Survey No. 246, 1905, p. V^i. 
< Bull. U. 8. Geol. Survey No. 260, 1W4, p. 7R5. 
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I iiiiil: JliU'niiH iiiiiio and mill: Cimlittiii and Steveot) iiiiof' und mill; Kendletown mine and 

I mill; Red Ik^r iniii4> mul mill: Great Xorthom mine: Eclipse mine and Black Hawk mine: 

West Kmpin' iiiino: Ciidyii mim*; Ihidge mine; Morning Star mine; Grant County mine; 

Bi{; Jack mine; Koliin4M)r Blende mine; Klar Piquett mine; Tippt^canoe mine (not opent- 

i in^): Kdt;ert«iri mine: Wlii^ mine: Delta mine; Arme mine; Badger mine. 

At IIuz<'l Gn^'ii: IIiiZ4>] (invn mine and mill, eciuipped with roaster; Kennedy mine and 

mill, c<{uipiM'd with nuuster; IIcMkin mine and mill, erjuipped with roaster; King Bee mine 

I and mill: S<'ml>l>le ('n*<*k mine; Hills mine: JefTerson mine; Square Ileal mine, mill, and 

I roaster; Murphy mine: Sixtf'f'U mine: Kendall mine; Whitesides mine; Milln Diggings, 

I mill and nmster. 

' At Buncomlx': Rowley mine, mill, and nmster: \orthweHt<^m mine and mill; Buncombe 

I Hill minr: Big Dad mine. 

At Ciiha City: Doll mine, mill, and nuiMter; Baxter mine and mill; KooseTelt mine and 
' mill: \Vi<-klow mine and mill: (iritty Six mine and mill; Ox>k mim>: Oiba Cit}' lead and 

I Zinc mine: Midway mine: Jarn>tt mine; Board of Trade mine : Little Dick mine; Anthony 

ininr: lii'acon Hill mine; Mi»ekers Cinive mine; Hungn- Xigger mine. 
, At I^'iiton: Jack of Diamonds mine (mill amingtHl for probably will be built in 1906): 

j Century mine (mill arranged for prolwibly will lx» built in 1906); Dawson mine, mill, and 

n>aster: I^'Utoii Dc'velopnient Company's mine; Ollie Belle mine (mill to lie erected); Fox 
IjimkI and Zin<' Company: F'nmtier mine. 

At Livingston: Sunrise mine, mill, and roiLster; Suiu^ot mine, mill, and roaster; C-oker 
mine, mill, and master: P^llsw<»rth (t>rCoker) mine, mill, and roaster; Ija FoUette mine. 
At Rewey: Cnvst-ent mine. 

At Mifllin: (Inino minr und mill: Slack mine (mill to lie iiLstalled in 1906); Peae4x*kmin*': 
S({uirrel mine (mill to \h' installed): Inde{)endent mine. 

At Linden: Mason mine and mill: Ross mine and mill; Trio mine (mill arranged for in 
IIMM)): (JIanvillc mine. 
At -Mineral Point: Trijxjli mine, mill, and njjwti^r; Hazel Patch mine. 
At Dixigevillc: Williams mine and mill. 

.Vt Hi^hhind: Kemiedy mine and mill; Highland mine and mill; Ijewis mine and mill: 
MilwauktM'-lIijrhljind mine (mill to U- ereeted); Kent-Whitman mine. 
At (liilena: Hhiv<'it mine: Waters mine: Stacey mine (sinking). 
At Kli/.alH'tli: Kli/aN'tli mine and mill: Skene mine and mill. 

At SIniIUl)Ui-j:: Lucky Hit mine, mill, and roa.ster; Morrison mine, mill, and roaster; 
llclemi mine. mill. Mnd ro:i-;ti'r. 

.\t ('cntcr\illc: Red .lackct mine (mill to U* installed). 
At Potosj: Ciudiir mine; Kroag and Wel>ster miru'. 
At Hucna Vista: Fit7.patri<k min*'. 

Some of tiies*' mine** linve U'cn j)aying dividends at a rate of $5,000 or more a month for 
jx'riods of nuire tluni a year <»n initial investments of $.')0,0(X) U^ $35,000. 

SC'OPK OF THIS REPORT. 

The pi-e-^Tii paper i^ primarily an account of the present condition of the district and a 
statement c)f ideas reiatin*; to the formation of the or(>v It includes the results of observa- 
tions wliich iM'pm in \SW and extended up to June. 191)'). In 1899 and 1900 the writer, 
a,sso<Mate(l with Trof. Sanuicl Calvin, made a study of the gi'ology and mining industr\- of 
I)uhu«iuc County f<ir the lowji (icolo*;ical Survey. The resulting report is frequently cited 
in the.s4' pages, hut is also liU*ra!ly (pioted without specific citation. In 1903 the mines of 
Jo Daviess County, 111., were .stu<lied for the United States Geological Survey by the writer, 
with the a.ssistance of Messrs. K. K. Kllis and A. F. Crider. \ sp<H*ial report upon the area 
was prcpan'd and puhlishcd as a hulletin of the Survey." In 1904 the work was extended 
to cover the Wis<-on>in mine«i. and in 1905 the month of June was spent in revisiting the 
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area amd noting additional devolopmeiits. In 1904 Mr. K. E. Ellis assisted in the work, 
particularly in making maps of various mines and of a special area near Dubuque. In 1905 
Messrs. E. F. Burchard, A. W. Lewis, and J. R. Bannister also assisted while engaged in 
mapping the Lancaster (juadrangle and C4>rtain outlying portions of the Elkader and Rich- 
land Center quadrangles. 

From 1903 to the present the writer has had the cooperation of Dr. U. S. Grant — at first 
when the latter was engaged in making detailed maps for the Wisconsin Geological and Nat- 
ural History area, and later when he was also surveying the Mineral Point quadrangle for 
the United States Geological Survey. This coopenition has been close and constant, 5oth 
in the field and office, and has been carried on under an informal agreement between the 
Wisconsin and the United States geologiciil surveys. Doctor Grant devoted himself espe- 
cially to the stratigraphic problems. He undertook the detailed mapping in the area, and 
has already published a bulletin giving the main results of the work. This is accompanied 
by an atlas of larger-scale maps of the principal mining dLstricts.o Portions of many of these 
maps are reproduced in this report. Doctor Grant and Mr. Burchard have also prepared a 
report upon the Lancaster-Mineral Point quadrangle for publication by the United States 
Geological Survey, and Mr. E. O. Ulrich has under way a complete study of the stratig- 
raphy of the upper Mississippi Valley. In the present bulletin, accordingly, the strati - 
graphic problems are purposely slighted, and only such account is given of the stratigraphy 
as seems necessary to the understanding of the deposits. In preparing this account the 
writer has had the assistance of both Doctor Grant and Mr. Ulrich, and has freely used both 
published and unpublished material. He should, however, be held wholly responsible for 
the statements here made. 

The very important relation of ore deposits to the structural basins of the region were 
woiked out by Doctor Grant and are fully illustrated in the State report already referred to. 
The remaining phases of the mode of occurrence and genesis of the ores were not discussed 
there, since, by agreement, that field was left open to the writer. Both the field and 
office work were, however, carried on in cooperation, and a large share of credit for what- 
ever is new in this report is due to Doctor Grant and the State survey. 

In the preparation of the report Mr. Arthur W. Lewis has been of great assistance. He 
compiled the laige map forming PI. II from the field notes, and made numerous calcula- 
tions and drawings. To Prof. C. R. Van IILse and T. C. Chamberlin the writer is under 
much obligation for helpful suggestions and friendly criticisms in this as in other work. 

If it should seem that this list of acknowledgments is rather long, and that the citations 
and quotations in the body of the report are both long and numerous, it should be remem- - 
bered that this is an old and famous mining region, having many peculiarities, and one in 
which certain fundamental notions of ore deposits were first worked out. It has been the 
scene of labor of some of our keenest students of ore deposits, and while the pleasure in 
studying the region has been great, the need of c4iution has been over pre^sent. One man 
can do little toward solving the problems of such an area. It must be the work of many, 
and perhaps of years. The writer c*n only regret that so many questions must be left 
unsettled, and trusts that in spite of a certain inconclusiveness, of wfiich he is w^ell aware, 
this report may prove serviceable in the development of the region. 

TOPOGRAPHY. 

RELIEF. 

The lead and zinc deposits of the upper Mississippi Valley lie within the well-known 
DriftleflB Area. The region seems exceedingly rugged when contnusted with the smooth, 
drift-covered plains that surround it. There is a total relief of alx>ut 1,100 feet, the bot- 
tom lands of t6e Mississippi lying about 600 feet above the sea level, and the to^c\<. ^W 
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hi^host hills— Blu«« Moun<ls -rising a littli' aU>vo tho 1,700-foot, contour. Tht» dominant 
ti)p<)gniphir fonturo of the rppioii \a an upland plain Mnf; about flOO feet. above the sea 
in the southern portion of the «n*a and rising gently toward the north to 1,250 feet near 
Highland. IVIow this plain the river* have cut their valleys, while above it rise a number 
of detaclu'd hills, l(M*aIly known as ni(»undH, and a well-defiDed escarpment, which bounds 
it t<» the southeast an<! southwest. Fn>m the fact that this escarpment Is made by the 
outen)pping edg(> of hanl chert and dolomite of Niagara age, it may fittingly be called 
the Niagani es<«arpnicnt. 

NIACJAKA ESCARPMENT AND THE MOUNDS. 

Tiie most striking and pictun*sque features (»f the landscape are the mounds and the 
fnm-ning ninge of hills which hem in the district on the south. Viewed from tlie higher 
I>ortions of the city of (lulena, the isolated mounds southeast of the city, with the high 
rampart l>eyond Smallpox ('n»ek in tlie Imckg^und, ape very impressive (fig. 1). From 
r)iihu(|ue a similar view may l>e had to the southwest. From almost every point upon 
(h(> gn>at upland plain of the region either these encircling hills or some of the detached 




Fn.. 1.- Th«> nwMiivif jiikI th»> uplMTul uiul rivt-r t«True«»s as Moen from Galena, III. liOoking noutheaiit. 

mounds iiuiy Ix- s^'eii. The Illinois ])ortion of the aR»a has not yet been covered by topo- 
graphic iiui])pin^. so that the height of the es<Mirpment is undetermined. Horseshoe 
Mound, the nearest outlying hill. ri.s<»s \'.^) fcvt alH)ve the Burlington Railway station at 
(lalena, m to an altitud*' t)f l,(Ki() feet, according to oliservations of the Mississippi River 
Coinniission, S<mth\vest of nuluKjue tlu' es<-arpnient itself rises approximately 100 feet 
higher. 

Viewed in a large way. the es<arpnient has an abrupt slope facing the mining district 
wnd a long, gentle slope away from it. To the south and west this back slope descends 
so gradually as to esca|x> attention, (inally reaching the same altitude as the plain to the 
north which the es<'arpinent overlooks. In Illinois the back slope, owing to the encroach- 
ment of streams from tlu» south, is not well defined. Apple River and its tributaries hjive 
cut hack so vigonaisly that only a narrow ridge is left In'tween it^j basin and that of Small- 
pox Cnvk, which li<vs to the noilh. B<»tween Smallpox Creek and Fever River a aeries 
of di.s<'onnected mounds mark the ])osition of an earlier and still more completely dissect4»d 
esr4irpni(«nt front. 
S(}ufhcnst of Sm/iii/K)x ('n»ek the cscarpmenl s\\ov:s \tv a i«oitv«<9iVv«.\. Vrra^%x Itont, with 
the ^onenil trend paralleled bv the stream. SowiWusV o^ \.Vve ^\v\^^ \>Qfe tv^^ «!k\»tA% 
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in long, finger-like processes between the various tributurias of Apple River, which lies 
7 to 8 miles away. Tlie divide, therefore, is asymmetric, with a short and a long slope, 
the former facing the phiin and the latter corresponding to the general btick siojxi so well 
defined in loWa. These relations are shown on the geologic map (PI. II), the area cov- 
ered by the Niagara marking the position of the escarpment and the mounds. 

To the north the ascarpment fac^s the upland plain upon which are scattered Table 
and Sherrill mounds in Iowa; Horseshoe, Charles, and Scales mounds in Illinois, and 
Sinsinawa Mound, the Platte Mounds, Blue Mound, and other isolated hills in Wisconsin. 
The area ocx;upied by the mounds is limited as compared with the total area of the plain. 
The distances between them are great and their diameters are small. Their tops rise to 
the level of the escarpment, and a plane projected from a crest of the latter and touching 
the top of the mounds would be approximately even and would rise gently to the northeast. 

UPLAND. 

The plain above which these mounds rise is the most important ph3rsiographic feature 
of the region. It is well displayed at Galena, Dubuque, Platteville, and at various points 
as far north as the Military Ridge, along which the La Crosse division of the Chicago and 
Northwestern Railway runs. From Montfort to Cuba the Galena line of the same railway 
traverses it. The mounds rise 200 feet or more above it, and the streams have cut into 
it for 200 to 300 feet. To the south it is underlain by the soft Maquoketa shale; to the 
north by Galena, Platteville, St. Peter, and lower rucks in succession. Near the escarp- 
ment fully half the thickness of the shale is l)elow this plane, and at Hazel Green only the 
thinnest remnant of the basal beds remains. Near Platteville almost the whole thicJcness 
of the Galena is present. At Highland more than half of it is gone. The strata are bent 
up and down as much as a himdred feet in places, but the upper surface is planed smooth. 
It is therefore a nearly even plain of subaerial erosion, beveling the edges of both hard 
and soft strata — a peneplain to which Grant and Burchard propose to apply the local 
name Lancaster. Tlie peneplain marks a period in geologic time when the region stood 
at a low elevation sufficiently long for the streams to reduce almost the whole area to this 
level. The mounds are monadnocks and represent interstream areas which were not com- 
pletely reduced. 

The whole of the upland is drained. The streams form a network cx)vering every part 
of it and make up a normal dendritic drainage system. 

VALLEYS. 

Tlie upland plain is everywhere interrupted by vaUeys, and while in general it forms a 
nearly level surface, in detail it is made up of slopes facing the streams. The most impor- 
tant stream in the area is the Mississippi, its major tributaries from the east being the 
Wisconsin River, which practically bounds the region to the north, Grant River, Platte 
River, Menominee River, Siasinawa River, Fever River, Smallpox Creek, and Apple River. 
On the west, Turkey River, Maquoketa River, Catfish Creek, and T6te de Mort River are 
most important. 

The Mississippi flows in a sharp-walled valley having a width slightly exceeding 1 mile at 
Dubuque. The bottom land lies about (500 feet above sea level, and the walls rise abruptly 
to 750 or 800 feet. Tlie size of the Mississippi Valley Is, in this district , out of proportion to 
that of its main tributaries. Its sharp wails an} also exceptional. Botwe(*n two long tribu- 
taries of one of the smaller streams the upland reaches out in a long finger-like promontory' ; 
between two tributaries of the Mississippi there is, instead, a sharp canyon wall, as if there 
had existed promontories which later were tnmcated half or three-<{uarters of a mile back 
from the main stream. 

TTie valley, furthermore, reversing the normal habil ol T\vera,V^ec,i>rctfi»Tv«Lrc^N<^x ^K>wwSicvvj 

ivntMod wider toward its source. This is sl»own in l\^. *2, maiVo Uom w V^twcvcv^'^^^ ^^cv^ v«3,v>- 

gnpbiestketbeeteof the region. The width of the botloitv \«Lud ol Xj^sxXv v\\« x«.«:vkv^v^*^^ 
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un<l <'<'rtuiM iiirioiis ti-ihiitarirs is Mlumii. It may \m» notinl that Upper lnwa (Oih.>ota) Rivrr. 
Villa;rr Cn^'k. tlir Nwoniiint |M>rtion of \\'isc4>asin River, and Macjuoket.i River turn tothe 
iiortli iN-ffin' jt>iiiiii^ tlii* riiaiii stn^uiii. Tiiey all have notably wide valle\'s in their luwer 
r4iurs(><;. (\>rtain (>rli(>rstn>ainssliow tliissaiiic tendency m ulesA marked degree, and in addi- 
ti(>n NlH(|ii(>k('ta I<iviTan(l( atfisli( 'n'<>k ni>w join t heMi^Mi^«ippi thn)U|;h new valleyHupfitrpam. 
having dfxTtfMl old. o|x*ii vallrys liaviii^ the n(»nnal dtm-nstn^jun course usual for tribu- 
tary vaillcys. It may further Im* noted that the northern pi»rti(»n of the river course is thiit 
which has the highest hluiT>: it is the |)art of the river whicii Inn cut deepest into tlieold 
jMMieplain. In Allamakii* ('4>un(y. Iowa, the hills rise hifj^her than at any 4>ther point 
Im'Iwii'M St. l*aul and the (iulf of Mexico. Tliis |M»rtion <if the riviy'.s course therefune 
shoxis t)i4> anomaly of i ncnsi si nj^ vertical cutting acconipanitKl hy increasing valley wid(>n- 
in^ toward its s«Min'c. 

It has Ikm'Ii customaiiy to cxplaiTi thes«' difTen*nces in valley width as mainly the n-siili of 
the jTH'at diir<'n'n(M» in hardness U*tweeii the sandstontvf aud dolomites of tlie regitm. and 

doubtU*sK this has l)een an import- 
ant factor. A (romparison, how- 
«*ver. of the topographic and the 
gi'ologic map of the region fail** t" 
show iLs cl<jHi» a concordance lie- 
twe<»n the width of the valk»y and 
the character of the wall as the 
hypothesis would seem to demand. 
Siich conipan>ions are difficult U- 
cause of uncertainty of the depth •»( 
scour. It sivmrt to bt* true, never- 
theless, that the hard Oneota dolo- 
miU". which influences the width «:f 
the minor valleys very markedly, a< 
slwrn-n hy the detailed map of the 
Wi.sconKin Geological and Natural 
Ilistor\' Sur\"ey, finds no adequate 
expression in the Mississippi Vallev. 

i,u.,w- <i.nuiM. .'nM.n.l nMm.vM,.u' t.u.nl th. sonfi,. IMon.nct^ m, hardness of .strata 

als«) offer no explanation of the 
iinrtliward liiniir.}.; of llu- lril)UlMri<«N and of the tnincated pn>montories. All these featun^ 
ari' cxccllnitly shown on the Waukon. Klka<hM'. Uincjister, and Peosta tx>pographic utla.«* 
sheets »»f the riiiie(lState>(leolo*:ie:il Survey. The nam)wingof the valley to the south and 
theMlinonnjiliiilmiariesan. jMThji[)s<'(umecte(hvith theiKTiodsof i)4'neplaimtionandwjirpinp. 

llerNhey." wlio first noted numy of these |>eeuiiariti<>s, has suggest<?d that the upp<'r por- 
tion of the Missi^^ipj)! wiiN pos^ihly in pre-dljieial timesa northward-fltmang stn»am and thi.< 
sujr^restion hji^ niueli to <omni<'ntl it. The nv<T hi.story of the area is, however, too little 
known a< yet to warrant nmre than the Mij^ostion of such explanations. Tlie truncated 
promonlorie-^ make it <lear. n«»ne the less, iluit the Mi.ssissippi River htts had atiifferent hi>i- 
tory from that of tlie other ri\eis of the region a dilference due to conditions existing in 
tlie ( ilaeial eptH-h. I»\ reason of whieh certain stn'ains. of which class it is a notable example. 
lieadinj: ontsidt- of the Driftles^ .\rea. re<eive(l durin*: the melting of the ice large volumes of 
water, wliile thos*' within the area hacionly the normal fh)W'. The first effect of this increasi»d 
flow was to wid<Mi tlie valley as with a ra<|). In this tlie fhK)ds acted much as glaciers do in 
changing a V-.«ihaped t<» a U-shaped valley. The .s<'('ond I'ffect. as the amount of water 
deen'a.s4'd. was to huild up a ihM>d ])lain or t(MTae(» hy aggregation. " During l>oth stages the 
lower H'aehes of the tributary stn»ams rising within the di.strict were ponded and silted up. 

It has U*<'n coinn >n to assume that tin' area fornu'rly .sttHKl at a somewhat higher level, 
and tlie depth of the vallev filling near Dulnnpie lias lK»en cited to sustain this view. This 

'^/Irr.ifu'v. <}. II.. Tlio iihYfiU)iirn]th\v iW\iAi^\y\\\y^\\\ *»t \\u' \\v\w^t NV\w\*?:\vvV"^»X\«^'. N^vcv. v.\«\\wip*\, 
vol. 2tf, iSitf. pp. ■J4t>-JHs. 
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iiiuttor is disciLSMHl in coimection with tlie de*JCTiptit)n of thcQuatemaiy deposits, but it 
may l)c iiot*»d in passing that the tributary streams show no such filled-in valleys except 
where l«ckwat<?r has laid down peculiar and oasiU' dlscriminat-ed deposits, and that the 
e^ndeiu^e from the main vaUey itself is possihly not above criticism. To the author the 
great volume of water temporarily carried by the Mississippi seems an ample agent for pro- 
ducing both the deep valley by scour and the lat4»r (illing by aggradation. 

The minor streams of the area have bn)ad, ojxui valleys near their headwaters, where the 
slopes of the upland and the slopes of the valley merge in long, l)eautiful, convex curves. In 
their k»wer portions they often have cjinyon-like phases and well-developed though narrow 
flood plains. The lai^er streams joining the Mississippi are marked by a well-defined aggra- 
dation terrace. The outer limits of this temu*c tilong most of these streams are indicated 
on the geologic map, PI. If. 

AGE OF THE PENEPLAIN. 

The Lancaster peneplain has l)een described by Kiinuuela and Hersheyb. Kflmmei 
noted the meandering course of the principal rivers of the region and ai^gued that they were 
superimposed streams. He interpreted the history of the period succeeding peneplanation 
as oiM» of simple down cutting. Hershey, who has most fully described and discussed the 
region, gave reasons for considering the Ij»incaster peneplain as of T(»rtiary age and correlated 
it with the Tennesseean of MoGeo. According to his interpretation the tops of the mounds 
and the back slope of the Nitigara asc4irpment represent an older, probably Cretaceous, 
peneplain, here locally bowed up and dissected. In another papers* he notes and approves 
the suggestion made by Frank licverett that in central Illinois probably the Cretaceous and 
Tertiary peneplains coincide and correlates the Lafayette subcycle of erosion, which fol- 
k)iwed the main Tertiary perio<i of peneplanation, with certain broad, shallow basin valleys 
that he had recogniz<»d in northwestern Illinois, in the bottom of which the present goi^ges of 
the Mississippi and other streams are cut. 

With these general conclusions the present writer finds himself in complete harmony, 
though he is disposed to question the separation of the Liifayette cycle of erosion from that 
of the Tertiary in general. The IjancastiT peneplain seems clearly to have been developed 
in the last great period of erosion antedating the ghu'iers, and in the western interior that 
period was the portion of the Tertiary known »is the I^ifayette. 

In southern Illinois relations strikingly similar to those in the upper Mississippi Valley 
have been studied.^' The Lafayette is there, marked by a series of gravels made up mainly 
of cherts and residue materials, which in Pope County lap up on the edge of an old much-dis- 
sected upland. These gravels cover jwrtioas of Pope, Massac, and Pulaski counties and 
extend over a broken, di.ssected plain, up to a genenil altitude of 500 feet. This plain is 
bounded on the north by a .southward-fronting escarpment of biusal Pennsylvania rocks, 
comparable to the Niagam escarpment in northern Illinois. This is the south front of 
Karbers Ridge, which rises to an altitude of 800 to 8o0 feet and exhibit<i a long back slope 
to the nortli, where there is a genenil plain underlain by soft Coal Measure rocks and having 
a general altitude of about 450 feet. The back slope has l)een shortened to the etist by the 
work of Saline River, so that it is steep rather than gentle. Farther west , where the Illinois 
Central Railroad crosses the territory, the conditions are wry similar tx) those where the 
same road passes over the Niagam escarpment west of Dubuque. 

The gravels of southern Illinois are regarded as Ii*ifayette, and traces of similar gravels 
bearing Tertiary foesils have been found in the Mississippi \'aliey nearly as far north »us 
the crossing of the present 50()-f(M)t contour. As noted above, the hroad plain north of 
Karbers Ridge is slightly lower than that to the soutli. This difren>n<e may well be due 
to differences in the hardness of the nx-ks. It miglit also l)e duo to dr-formation accom- 
panying the northern tilting already referred to as having tak(»n place since the develop- 
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iiH'iit of tlii> |M*ii(>plain. imt in tlu> alMeiin* 4>f arcunttp topofsniphir nia|>s tlu* ph**n«Hnpna 
must for tlu' pivstMit n'liiain unexplained. 

Th<* p'nrrnl plain north of KarlNTH Kidgp nmtiniUM, U) all appcaium^<!s, lienrath tlir 
<lrift arn>ss tlu* Stat<> and ronnccts with the plain in the DriftleiH Area, and this int«^ 
pn'tation Ls in arrord with the )ri>nend gi-olof^c liij^tory of the region, the peneplain of 
tiit> north iN'iii^ rorn>Iated with I^afayette depofiitiun in the aouth, while the gravels found 
alnn^ the Mississippi pmhahly n'present the maximum encroachment of the sea. 

PnH'edin^ this |MTi(Hl of |M*neplanation there were apparently local uplifts or warpings 
of the plain in the Drift l<>5« An*a and in aouthem Illinois. In Lafayette time, if the sug- 
{^(^ted eorn>latii»n In* eomn't, the.se uplifted areas were dissected but not entirely cut awftv, 
Karl)(*rs Kid^e in tlie south and the mounds and Niagara esKarpment in the north remAiih 
in^ as inonadiKN'ks. In the simie period the great plains lM>tween the uplifted area^wen* 
inen'Iy slijjhtly reduced, having l>een already reduced to a peneplain in (Vetaceous €)r [k*- 
sihly early Tertiary time. In post-Lafayette time the whole area was uplifted, and thr 
.stn*anis cut into the I^afayette plain the sharp channels whicli they now cH^cupy. 

In fig. 3 thes<> notations are illustrated diagranunatically. It will he seen that in c^n- 
tnil Illinois the older and younger peneplain coincide with the preisent rock surfatv. In 
the Drift less Ahmi tin* older plain is warped upward and is now preserved tmly in the back 
*»Io|H' of the eseurpnient and the crest of the mounds, while the younger and more promi- 
nent one tM-cupies the di.ss(><>ted area U'tween. In southeni Illinois the long spur crossing 
thr Stiit<' and connected with the Ozark upland shows similar conditions, the older pem^ 
|)l:iin U'ln^ pn's<Tv«'d l>y Karlx'rs Ridge and the younger by the general upland between , 

rE^H^^T^r : .... ...J, r rgiB ' 

Older peneplain Present eurfice 

uater peneplain ft-esent water grwJe 

I''m. .5. I»iM^;r.ini sliMwiriK rolatioriH of present surface to ancient iM»n«»pIatn. 

it and t)i<> Oliio. 'Dint sinre the fonnation of the younger peneplain the region has been { 
rlrvaird a^ a unit ratlier than with local deformation is slio^'n by the close coincidence 
iM'twcrii I he prcMMit river tirade and the ycmnger p(*neplain. The difference in elevation 
at till' north from that at tlie south indic4ttes that there hiu^ apparently been a simple 
projrn'ssjve cb'vjiiion to the nortl». 

GEOLOGY. 
GENEIML STATEMENT. 

The p'olo^y of the upper Mississippi Valley is relatively simple, and its main outlines 
havj' Ih'ou known since tin- I'sirly work of ()wen.<i Hall,* and Whitney. c Tlie n'giun is 
oru' (jf uiuneraniorplu js^'d. littlr disturlK'd, sedimentar>' nx*ks, of Paleozoic age, and then* 
art' no ij^ncous nxks in it or roccnt ones near it. It 1ms l)een at least once worn down by 
erosi<»n to mature topojiraphir development and afterwards uplifted, and is now being 
rrdi^srcted. Tlie rocks have a very jrcntle «lip to the southwest, superimposed on which 
are numerous shallow folds of bwal extent. 

Witliin tlie <»ri'-l)<'arint: district t>nly Ordovician and Silurian l)eds occur. In order. 
however, to make tln' iclations clear it seems advisfihle to review briefly the s«»ction found 



•M)\vrn. I>. !>., lippl. p'ol. rxi»l. part of lc»\vi«. \Vise<»nsin. and Illinois, etc.: House Doc. No. 2C». 
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''Hall, .hinu's. Ldwi-r .silurmu svstfin. (•haplers S and of Kept, on eeology of the Lake Superior 
lunci (list riot, hy J. \V. F<.stiT arui .r. I). Whitney. Wjisliinjrton. 1S51: Geol. Survey Iowa, 1858: Oeol. 
Survey Wisconsin. \>^\'2. 

f Metallic Wealtii of tln' Tnitcxl States. 1K.')2: (leol. Sur\'ev Iowa (Hall), vol. 1, pt. 1. 1858; Geol. 
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ijpprr'Mississipj)i Ini'l repion. 1S<)2. l.V> pupes, a n.'\m\\\. wv«^t\v\«\v \>o\mA.. oi the portions of the AM.*- 
counin report dcaline with the lead region. 
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in the upper Mississippi region a^s a whole.a The section includes representatives of the 
Ckunbrian, Ordovician, and Silurian, while in the area immediately adjacent, to the north 
and east, pre-Cambrian rocks occur. (PI. I.) The Ordovician rocks are the only ones 
which are important from the present point of view. The Cambrian beds are not ore 
bearing and are not known to have had any direct influence on the formation of the 
ores. The Silurian beds overlap the Ordovicithn and limit the fields to the south and west, 
but are not otherwise related to the ores. (PI. II.) 



STRATIGRAPHY. 
OEKEBAL BEOnON. 
A general Hection of the present nxika may l)e tabulated as l)elow: 
Section of the rocks of the upper Mississippi Valley. 



System. 


Formation. 


( haracter. 
Alluvium. 


Thickness 
in feet. 








Quaternary. 




Terrac* deposits. 
Residual clays. 


5-70 


1 Silurian. 


Niagara. 


Dolomite. 


150 




Maquoketa. 


Shales. 


160 




Oalena. 


Dolomite. 


240 




PlatteviUe. 


Limestone and dolomite. 


.W 


Ordovician. 


St. Peter. 


Sandstone. 


80 


1 


«| Shakopec. 

g5 New Richmond. 


Dolomite. 


50 




Sandstone. 


KMO 


1 


£s 1 Oneota. 


Dolomite. 


200 


' Cambrian. 

1 


•• Potsdam." 


Sandstone with minor shale 
and dolomite. 


800 


PTB-Cambrian. 

1 




Quartzitc, with various ig- 
neous rocks. 





PKE-OAXBRIAir K00K8. 

Rocks older than the Cambrian do not outcrop at any |K>int in the zinc and lead dis- 
trict, though they are known to underlie the entire area. They have l)een encountered 
in deep wells at Lansing and other points and are exposed at many points to the north 
mud east. The quartzite at Baraboo and the eorhyolites of central WiscoiLsin t)elong to 
this group. The pre-Cambrian forms a floor, sloping gently to the southwest, upon which 
the later sediments rest. It lies 1,000 to 1,500 feet below the .surface within the district, 
and is separated from the lowest Paleozoic l)eds by a pronounced unconformity, which 
indicates a long period of erosion. 

OAXBRIAN ROCKS. 

The Cambrian is represented in the district by alwut a thousand feet of sandstone, with 
minor portions of shale and dolomiU'. The Iwds have been commonly refern'd to the 
Potsdam, though in the later Minnesota and Iowa refwrts they are called the St. Croix, a 



• In the pnparatkm of this discussion tho writer has made free use of all published material and 
also ot the maanseript of the Lancaster-Mineral Point folio in preparatioiv b^ X)t. V . 'es. v\\«.Ti\, ^w^ 
Mr. B. F. Bmoiiard. He has also had the \ cnefit of criticism and a<\v\c^ V\o\Xv \u Wvsi ttf\<N> vocAVcvn^w? 
cfltoa ol Mr. B. O. Ubi^. To all of these he is under ohUgatVons. lot v;\\\c\\ ucV\\ov5\<r<\?xcvs;Tv\.\^ <5<\^^- 
funy madcv but ilar tbe particular atatcments here made the autiioi ^oxitoi aXvrtit \i»i\«2^^ xs»\«b»>^s^'^* 
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local iiaino. Tliis name, however, ha8 not always been consistently used, and peodiDg t 
coniph'tr n'vision of tlio stratifn^phy it noiMns desirable to l?ave the question of nomenda- 
tum uj)**!!. At many point?^ the ImmIs an* divided into an upper and a lower sandstoDr. 
l)etw<H>n whicli (»c'rur <loloiiiiteN or Hhales. S(» far these di^^sions have not been mapped 
throughout tlie fi«*ld. and it is not rortain that tliey are evennvhere present. 

ORDOVICIAV R0GX8. 

I'RAIRIK in- <-HIKN F-ORMATION. 

Xa/iu arui liinftiofm. AIm)Vo the Caiiilirian and (*xtendin|^ up to the St. Pet«»r lies a thirk 
fonnation c-onsistinj; nminly of doioniitr. hut influding some .sandstone. To this Owen in 
l.S-K)" ji:ttv<* tlic name "liowcr MaJ^»*^<ian" to distinguish it from the ''I'pper Magni^iaii." 
undiT which tcnn wen* includ(>d lK)th the (xalcna and Xiagara of present nonienclaturc 
Since the dis<TiniinHtion of the thick Maquoketa shale lH»tween the»^ two the original .sig- 
nificance of the name has lM>en lo*<t, and in a<*cordanc(> with present usage a giH)graphic name 
for the formation as u wholi* is pro|)<»sed in the Lancaster-Mineral Point folio. The old 
nanie. I>ower Magnesiun. was n^tained by Hall, Whitney, White, ('hainlM>rIin. and all the 
earlier workers, hut lin-al names have \xHni given to the individual members of the formation- 

Wher(> fully dev(>]o]xHl th(> formation included (a) a dolomite' at the base, 200 to225fH 
thick; (/>) H sandstone in the middle, 15 t(» K4) ftM>t thick, increasing to the southwest under 
<M)vrr: ((•) H s«'<'ond dolomit<' at the top. approximately 40 fet»t in thickness. These are 
known. n's|H'ctivrIy. as the Ont^ita. New Richmond, and Shakopee or Willow River. 

It was to the hasjil memlMT of tin* gnnij) that MKlee in 1891 gave the name Oneota^ ts« 
substitute for "main IkkIv of th<' linn'stcme." a term u.Hed some years earlier by Imng^to 
discriminat<> t)ie lower {Million of the " I»wer Magncsian *' limestone. McGee considered the 
Oneota to Im' the «'<juivalenl of the whole of the "Ijower Magnesian,*' and grouped with the 
St. Peter tin* overlying sandstone (.New Richmond) and the thinner dolomite (Shakopee). 
Calvin'/ has u^'d Oneota tocover t\w whole group, discriminating the ''main body of the 
limestone" uruK-r the title of liower Oneota. 

The New Uieliiiioiid sandstone varies from lo Ui l.'^O fwt in thickness. <" It is not alwii>> 
well delined in outcrops, though W. 11. Norton/ f(»und it in de<»pw<*lls as far south and west 
as Des Moines. 

As explained alxjve. I lie Shakoj)ee dolomite is the equivalent of the Upper On(H)ta of the 
Iowa Survey. It is a tna-isivc dohimite. approximately -W) f<»et thick, and is clearly delined 
in w«>ll recoi-ds far <outli and we<f of I lie area of outcrtip, though not well exposed within the 
lead and /iiw district pr<»|>cr. 0\cr much of the lead and zinc region the New Richmond 
and Sliakopcc arc poorly ddinrd. and over other parts they seem to be entin'Iy absent. TliU 
i^ l)cliev<'d to he lai>;cly <luc to <i-ositin preceding the deposition of the St. Peter. 

LitfnfltHjlc chdnutn . The dohuniti' found in the Prairie du Cliien is gray to white in eoK»r 
and varies from a vrrv <<nii|)act . fine-grained rock tt) tme which is porous and coarse grained, 
hut on till- avcrap' it is lis> porous ami less coarse grained than is the Galena. It ab« coni- 
inoidy weathers less rou^rlily than do<'s the (lah'mi. though in h>calities the Prairie du Chien 
is a markedly rou«:h-w<'atherinj: rock. In sonu' ca.ses this is due to its brecciate<l or <x>ngloni- 
cratic character. The formation contains nuis.ses of flint of different sizes, .some as large a.* 
a fo<>t in diameter, which arc c(niimoidy s<>gregated in certain layers. In general, the coarser 
parts of the format ion carry more Hints, and the liner, compact portions are entirely fm' 
from tliem. In the dohniiitc or in the flint ma.sses then* are many small cAvities which are 
lined with small crystals or (juartz. Near or at the top of the formation there is in many 
placjvs a marked development of oolite having a siliceous cement. The oolites have a wn- 
c(>ntri<' stniclure and are mainlv siliceous, though .some are calcareous. 



"llou.m* Ex. Dfw. No. 2.'fl>. 2tlth ( onp.. Jst W98., 18-10, p. 17. 
'' Klevc'iitli Ann. Kept. I', .s. iJool. Survey, pt. 1. 1891, p. 332. 
' Am. .lour. Sci.. M\ ser.. vol. M. IST.'k v. \\'L 
fijowu <i'wl. Survey, vol. V. \>*.*o, w. ^\-<Vf<. 
'' .Vorton. \V. H., Iowa (io<»\. V^ur\o\.\<A.A.\>*X^, v-^*^- 
/ iowa (;eol. auTN-ey, vol. 0; l«)7 , p\), Uo-^'2». 
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The formation contains in its upper portion considorablr sandstone, which is not always 
easily discriminated from the St. Petor. In general the St. Peter is tliicker bedded and more 
massive, is fn»er from clay and iron oxide, and does not contain the flint and oolite found in 
the Prairie du Chien. 

FwtfiUt. — Fossils are not common in this formation. Those found consist ahnost entirely 
of gasteropods and cephalopods. They occur only or chiefly in the prevailingly cherty upper 
third of the formation. 

Rrlatunyt and thicknem. The n'lutions of the Prairie du Chien to the Cambrian were not 
studied in the course of this investigation. The formation is separated from the St. PetiT 
by a marked erosion unconfonnity. Its thickn<>ss ranges generally between 200 and 
300 feet. 

ST. PKTER SANDSTONE. 

Nanie andihichuss. — Upon the Prairie du Cliien lies a comparatively thin sandstone, long 
known as the St. Peter from the fact that it occurs along the lower (course of the St. Peters 
(now known as the Minnesota) Kiver. This .sandstone varies c(»nsiderably in thickness, 
averaging about 70 feet. It.s maximum thickness is somewhat over 100 feet and its mini- 
mum perliaps 40 feet. 

Lithologic character. -Lithologically the St. Peter is a practically pure quartz sandstone, 
its silica content Iteuig very high, in som<» specimens rt»aching99 percent. The grains are 
well waterwom and commonly very- poorly cemented, so that the rock crumbles and does 
not at many places stand up in vertical cxposun's. Exceptionally, casehardening causes it 
to form well-developed cliff's. The cementing subst^mces pn»si^nt are (|uartz and iron oxides. 
In a few plaires the grains have lx»en (>nlarged by the addition of silica and now present more 
or less perfect crystal faces. Near the surface in many exposures the sandstone is stained 
yellow, brown, or red by iron oxides, but this coloration is mainly superficial. 

FosmU. — Tlie St. Peter is a practically unfossiliferous formation, though a few l)ivalve 
shells &nd pelecypods have been reported from it." 

Rdaiions. — The St. Peter rests in marked unconformity ujK)n the Prairi<? (hi Chien. Its 
relations to the succeeding foniiations are less clear. Between the typical sandstone and 
the basal dolomite of the Platteville then^ is even^where a band of blue sandy shale, varying 
in thickness from a few inches up to 5 feet or mon\ This is not usually sharply separated 
from the sandstone, but grades into it. On the other hand, the upper .surface of the sliale is 
sharply separated from the overlying massive dolomite'. The sand grains extend up through 
the shale, but rarely, if ever, lM*yond that horizon. This would s<»em to indicate that the 
shale belongs with the sandston<* or is a transition Ix'd, indicating continuous sedimentation. 
In ^fissouri and elsewhere, however, the two formations an' si'parated by c^^rtain b<»ds 
which are absent in the upper Mississippi Vulley. The Joachim limestone has a considerable 
development in the Ozark n»gion and overlies the undoubted extension of the St. Peter, bcMUg 
at the same time covered by the equivalent of tlie Plattevill<». These facts would indicate 
a period of nondeposition if not of erosion \\\ the upjKT valley. Owing to the general 
absence of fossils and the homogeneous nature of the St. Peter, it has .so far iHH'n im|Kissil)le 
to make certain whether the same br^d is everv-when* present and in (rontact with the overly- 
ing rocks. There is no visible di.scordance of strata and to that extent no positive pnH)f o( 
unconformity. In the light, how<'ver, of tlie exiK)sun's in Missouri and of general studies 
(tf the Ordovician it seems best to consider the h\\io .shale as murkinjr the initial (leiK>sition 
of th:; Platteville and the preM'Uce of tlie St. WAvt sand jrrains and jK'bbles in it as due t^) 
reworking of the loosely consolidated inntcrinl f>v the oncoming sea. 

PI.ATTKV UA.K LIM KS H )N E. 

Name cmd ikidmew. — ^The U^ds inchided under thiw name iiavc long U'en known in this 
district as the Trenton hmestone. Since tliut term lias U'cn variously ust»cl m U\\s. \vcvv». \n\\\ 
only a portion of the beds commonly n»ferred tt) us Tivu\o\\ ww* Wtc v\\i»(ex^s««^^^^^^^s^s^^'*^'^^ 

'SMidemm, F., PtUeoeolc foniiations of s«inth«-asU'n\ M\uuowAu\ A\\\\\. Ct^A-'^^^- \w\vx\v*.,nv\. J»> 
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proponed << to use a local naino for them. The exact comeUtion of the PUtteville with the 
\cu' York st'ction is open to some doubt. The closest approach to a gynoDTm is the term 
Ikloit, proposed bv F. W, Sardeson.6 Tlie upper limit of the Beloit is not, however, the 
same us tliat liiTt^ adopted for the Platteville, and as the lithologic development of the 
two formations is wry diffen^nt it .seems !K»st to let the matter of a general t«»rm rest, pend- 
ing complete studi<'s of the entire n'gion. 

Tfie IMatleville fonnation is typically ex|N)S(>d in the vicinity of PlattcviUe, Wis., andius 
ent in* tbifkness may !h' sjm'U ahinj^ Little I'latt^.^ River west of that town. It has an average 
thickness of approximately .>5 f<H>t. with a minimum of 40 feet and a maximum of perhaps 
^JoftH't. 

i^ith)liHfic chanicter. The formation is made up largely of limestone, which is nonniag- 
-n'siari or slijjhtly iiiajcn<»sian as contrasted with the succeeding Galena. It contains, how- 
ever, certain U»ds of dolomite and coiLsiderable shale. The upper limestones of the PUtte- 
ville are rimracteristically fine grained and break with a clean, conchoidal fracture. The 
l)est -known U'd is l<K-ally called "glass rock'* and is an easily recognized and important 
datum piuno, though tben» are several beds which are somewhat like it in text^ire. The 
shales an» generally blue to grei'n, and are essentially ai^illaceous, containing ver}' little 
sand. Occasionally they an* slightly bituminous, though the bulk of the bituminous shdc 
found in this an'a bi-hmgs to the succw'ding Galena formation. 

A generalized s<»ction of the Platteville includes the following l>eds: 

(itiLeralizeAl Htdion of the PlatteviUe limegtmie in the upper Mitf^umppi Valley. 

F«t. 

4. Tliin l)€<ls of linieMtoiu' and shale 10-15 

3. Thin-b<Kl<lo<l, brittlo linu»stom\ hn^aVinK with conchoidal fracture 2V30 

2. IJulT to hluo inapncsian liinosf ono. hoavy IxHidcd, in many places a dolomite l.> 2R 

1. Shale, hluo. in sonio places sandy l-'i 

Xo. 1 of this s<M»tion forms tlu^ base of tlu* Platteville and rests directly on the St. Peter 
sand.stone: in places it is sandy, though conmionly it contains a distinct bed of shale free 
Irom sand grains of noticeabh' size. It is nowhere very thick, and while, as already noted, 
it is here n»forred to the Platt<»vill<', it is ])ossible that future studies may show that it 
Ix'longs properly to the St. Peter or to a formation which, as developed elsewhere, lies 
l)ctwc<'n the St. Pet^»r and tlie PlattevDle. 

No. 2 of tlic ulxwo section is the so-called bulF limestone or quarry rock, so far as it is 
<lcvciop<>d in this particular region. It Ls always magni^ian and is usually a dolomite. It is 
buff on wcatlicrcd surfaces, but blue in fn»sh blocks. Its beds are from 6 inches to 2 fi^t 
tliick, and it is tluis markedly difFert^nt fnmi the n»st of the Platteville. It holds its peculiar 
lithologic cJmrM<'tcristics over large parti? of the upper Mississippi Valley, even outside the 
Icjul and zinc distri<*t. It can In* distinguished in the field from the Galena dolomite both 
by its stratigraphic jHKsilion and by its more earthy nature. It has l>een called the **lower 
Imir linicstonc" and also ihc *'<|uarrv' Ih'iI." 

Xo. .S of tlic section consists coninionly of thin In^ds 1 to 3 inches in thickness. These an^ 
separated by very tliin shale partings and liavc an undulating or wavy appearance. At 
many places tlies<' beds are dense, composed of a ver}' fine-grained gray to light-brovn 
liineslone, which bn^aks with a more or less marked conchoidal fracture; on weathered sur- 
faces the rock is usually white or very light gray. When this member has the peculiar 
lithologic charact<»rs just mentioned it is sometimes called the "glass rock,*' though the 
main "glass ror-k " belongs in the next higher member of the section. The peculiar thin, 
wavy Ih»<1s are <'specijilly charact<'ristic of this memlxT of the section throughout the dis- 
trict. To th<« east, near Heloit. it is represented by magnesian limestones and dolomites, 
more like the beds below. 

a Bttin, II. F.. Zinc and load deposits of northwestern Illinois: Bull. U. 8. Qoo\. Survey No. 246, 190n, 
p. W. 
^Am. Ooologi^t, vol. W, 1897, p. iii. 
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No. 4 of the section consists of limestone and shale in thin alternating beds which greatly 
resemble in places the basal portion of the succeeding Qalena. It is in this member that the 
typical glass rock occurs. This rock consists of dense, very fine-grained, hard, conchoidaUy 
breaking limestone, which rings when struck with a hammer. It is of a light chocolate 
color when fresh, but weathers rapidly to white or to very light gray. The typical glass 
rock beds range from 3 to 8 inches in thickness and are separated by thin partings of choco- 
late-colored shale. Together they have a thickness ranging from 18 inches to 4 feet, and 
form what is caUed the main glass rock. As the rock strongly resists weathering, its expos- 
ures and fragments are, as a rule, easily found. In the eastern part of the area this glass 
rock becomes coarser grained, somewhat magnesian, oc<;asionally cherty, and thicker, being 
in places 15 feet thick. It still retains, however, some of its usual characteristics and is 
commonly called glass rock by the miners. Chemically the glass rock is a slightly impure 
limestone, as is shown by the following analysis: 

Analysis ofgUiss rock A 

Sfflca(SlOt) 6.160 

Alumina (AljOt) 2.260 

Sesquloxide of iron (FetOt) 850 

Carbonate of lime (CaCOt) 85. 640 

Carbonate of magnesia (MgCOt) 3.080 

Water (HjO) 930 

Phosphoric anhydride (P«0») 056 

99.875 

Above the glass rock are usually a few feet of thin-bedded, shaly limestone, containing 
large quantities of a large long-hinged variety of Orthis — 0. (DalmaneUa) subaquaia. 
While this form ranges higher, it is especially abundant at this horizon, which is taken as 
marking the top of the Platteville. 

Fossils. — ^Mr. Ulrich supplies the following notes upon the paleontologic characteristics of 
the Platte viUe: 

The Platteville as a whole is more highly fossiliferous than any other formation in the immediate 
region. While practically all beds except the basal shale contain fossils in greater or less abundance, 
certain beds are literally packed with organic remains. A few species, notably LeperdUia fabtUites 
(Conrad) , the most characteristic fossil of thef ormation, range through nearly aU the beds. Many other 
tpedes, however, occur in only one or two of the beds. The dolomitic member (No. 2 of the general sec- 
tion) contains relatively few fossils, and in some places appears almost barren. 

Of species and varieties confined in the Mississippi VaUcy to the Platteville, Streptelasma profundum, 
Rafin^squina minnesotentie, Orthis defUda, O. subxquaia (long-hinged variety), PUrotheria redan- 
gularis, LeperdUia fabuliUs, and Thaieops ovatua may be fpund in any of the limestone beds of the for- 
mation. All of these species are common in the thin-bedded, nearly pure limestone constituting bed 3. 
Among species apparently restricted to this bed or occurring so much more abundantly here than else- 
where in the section that they may be considered as characteristic of it. the following may be mentioned : 
Madureabigtbyi, PterotheraaUemata, Zygospira(naUina) nicolleti, Hingia irutqualig, Rhinidicthya pedi- 
eulataf PhyUopemia tublaxa, Monotrypa magna, Rhynchotrema minnest^ensis, A mbonychia pianUtriata, 
Chonychia lameliosa, Salpingostoma buelli, ConradeUa triangvlaris, Hyolithes baconi, Encrinurus van- 
nmhu, and sponges of the genera A nthaspidella and ZiUelella. 

The characteristic fossils of the glass rock and interbedded shales are BtUhograptut laxus and other 
doUcate phmiose marine algse. 

The top shale of the formation everywhere contains great numbers of a large and rather broad variety 
of O. (Dal.) tubgquata that is confined to this horizon. Other species are few, but one or both of the 
bryoKoa, StrietoporeUa frondifera and 8. angvlaris, that occur only in this shale bed, may commonly be 
found wherever the bed is well developed. 

A few of the Platteville fossils, especially the brachipods and notably Orthis tricenaria, O. sttbtequata, 
and Stroj^mena ineurvaUif pass upward into the lithologically similar basal division of the Galena. But 
the other foasUs associated with these transgressing species are so numerous and distinct that only 
■lig^t aoquaintance with fossils is required to distinguish the representative horizons at once. More- 
over, a dOM ftudy of the species mentioned shows that in passing from oTy^lK>TtEv«.\\c>\v\;s»N2c\^TsK'«x.vx^«^ 
have aofttJned recognizable modifications. 

« Geology of Wisconsin, vo\. 2, \«n , p. «KV., 
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Detailed Htciions. -Ou'ing to the importance of the Plattevillo in its relation to the ore 
deposits uiui the frecjuent olxxrurity of the PUtteville-Qalena contact, it seems denrahle to 
give a few detailed typical sections before discussing the relations. Tlie sections given 
below an' well exposed and each in its way is characteristic. For convenience, the portion 
of the St. IN't<T uiid Galena formations exposed are noted, as well as the Platteville beds. 
The S|M'rhts fern' .section was measured by Calvin and Bain a, the others by Grant, the 
fossils haviiijj lx?en determined by IJlrich. 

1. Sertion at Spechis ferry. 

Feet 

11. Thin-lxHldwI. ))rown dolomite, with ahaly partings 4 

10. Thin-))o<l<l(Hl. lm|M>rf(x>tly dolomitizod limeRtone, with fossil brachiopod shells only slightly 

chAnK(Mi: th(^ llmcstono brown, earthy, noncrystalline, but evidently of the Galma type 3 

«. Thick, mrthy. imperfectly dolomitired IhkIs (Galena) 3 

s. Thin liine.stone Invl.t with much shale in the partings; in part a true shale. This member is 
almost cnt irely shaly a few rods al>ove the station on the road leading to Dubuque. Fossils 
are numerous, the most common species lieing Orthis tcMudinaria, O. beUarugata, O. pHeor 
tella, Uafinexquina altemata. and Plectambonites seric^i 5 

7. Limestone. ))lui8h, with poorly preserved fossils, in beds varying from 3 to 6 inches in thick- 

ness 25 

0. lUiiish or gnvnish shale containing occasional thin beds or discontinuous flakes of limestone. 

The characteristic fossils are Orthis substquata and O. fWcmana; the " green shales " of the 

M innesota geologists 12 

."». ThiM-be<lderl. bluish, rather coarse-grained limestone, weathering brown in color 5 

4. Limestone in rather heavy layers which range up to 15 inches in thickness; bluish on fresh frac- 
ture l>ut weathering to huff on exposure 5 

:{. lirittle, flne-graintxl. blue limestone. ver>' fossiliferous, breaking up on weathered surfaces into 

flexuous layers about 2 inches thick 20 

2. l/ower bu«T be<ls, exposed, about 8 

1, I'nexposiMl to level of water in river, about 45 

Since tlio alM)ve si'ction wtus ineaiiured a new (juarry has been opened near by. In it 
certain (jf llie Ix'ds have a slij^iitly dilTerent development, a thin, well-defined black shale 
iH'inK found at tlie bavse of No. (5 and dark slialy partings appearing in the lower portion 
of No. 7. Fn»ni the latter Mr. Burchard collected Rajinesquina altemata^ Strophomenafli- 
taxta, CU notion tn astartiffonniii, and Bothy urus spiniger. While the dolomite phase of the 
Galena is not found below No. 9 of the section, the top of the Platteville is considered to be 
marked by No. 0. 

The following s4»ction was nu*»\sured at the old quarry on the west branch of Little Platte 
River in NE. J si^-. 8, T. 3 N., H. 1 W. 

£. Section near PlaitemRe. 

Ft in. 
1.3. SulK^r>'stalIine limestone, magnesian at base, but in 2 or 3 feet grading into thick-bedded 

dolomite 20 

12. IMiie to gniy calc.ireous shale or shaly limestone 8 

11. Thin-lxsidrd. sulKTystallinc limestone, cont^iining a few specimens of Orthis trteenaria 

Conrad and O. .snh:i:qu(Ua Conrad 5 

1(». Thin \vjj\ y-l»e<lde<l, giass-rock-Iike limestone, becoming sulxirystalline above. Some beds 
an- viTv fossiliftTous. Orthis iricenaria Conrad, 0. subxquata Conrad, and O. teHudi- 

luiria Djilinaii 6 

0. Dark-brown or clKK'olatiM'oloreiJ .shale or oil rock 2 

8. Thin, wavy-bedded glass-rock-like limestone, commonly very fossiliferous; a few thin 

partings of oil rock. Orthm tncenaria Conrad, 0. subxquata Conrad, Strophomena in- 
emrvala Shepard, Rnfims([vina alttmata Conrad Ctcdodonta astartiformis Salter, Ceraur 
r%9 pleurexamtkennts (Jreen, Isotelus gigas Dokay, Rhtntdictya mutabHis minor Ulrlch, 

forms the baae oi the Galena at this l(x*ality 8 

7. Blue shale 8 

A. Thin, anduJating, hurd, sometimes glass-iock-like limestone, mterbedded with blue shale. 
The limestone is vry fOMtliferous. This is the chief horizon tor Orthts substquata Conrad 
(var. minrifapoiu WJncheU). which is here very abundant and of large size. StrictoporeUa 
/rondt/era I'lncb occurs at the top ol this divVaVon 2 

• Iowa Ceol. Sutvev. voV. \K\ \S3^U\ p. Aa.\. 
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Ft. in. 

5. Gray to yellow-brown to almost black clay 7 

4- Dark-gray shale and hard gray limestone interbedded 1 2 

3. The main glass-rock beds. Some oil-rock bands occur in the lower part and in these are 

fem-like forms which are probably fossil algse. BtUhograptus Uunu (Hall) 2 

2. Thin, sbaly layers of glass-rock with oil-rock partings; weathers to clay 3 

1. Blue, gray-weathering limestone, with dark partings. The upper part is separated by 

blue shale into 2 beds, each 21 inches thick. The upper of these beds has in places the ap- 
pearance of thin wavy-bedded glass rock. Orthis deflecta Conrad, Rafineaquina minne- 
soUnHs Ulrich, Thaleops ovaia Conrad, Leperditia fabuliiee Conrad, Monotrypa magna 
Ulrlch, to base of exi>osure 7 

In this section (PL III, A) the lower portion of the Galena and uppermost beds of tlie 
Platteville are shown. No. 1 belongs to the thin-bedded member (No. 3 of general section) 
of the PlatteviUe. Nos. 2 to 6 belong to the upper member of the Platteville (No. 4 of the 
general section), while Nos. 11 to 13 clearly belong to the Galena. Nos. 8 to 10 are prob- 
ably the equivalents of the main oil-rock horizon which marks the base of the Galena, and 
No. 7 represents the clay bed usually foimd beneath it. This section is fairly character- 
istic for the western half of the Mineral Point quadrangle, except in the extreme northern 
part. 

3. Section ai the Oity quarry, Mineral Paint, 

Ft. in. 

11. Reaidnalsoil 5 6 

10. Decayed dolomite, called by the miners the "brown rock " 4 

ft. Oil rock, with some cubes pf lead and some decayed limestone 1 6 

8. Compact, brownish magnesian limestone. 1 

7. Unexposed 17 6 

«. Thin, wavy-bedded limestone, *' glass rock " 4 

5. Compact, magnesian limestone; brown on weathered surfaces, but blue on fresh surfaces; 

in beds 3 inches to 1 foot in thickness 10 6 

4. Thin, wavy-bedded, hard, glass-rock-like limestone 15 6 

3. Coarser, thick-bedded dolomite 20 6 

2. Unexposed 6 

1. Sandstone 3 

In this section (PI. Ill, B) No. 1 represents the St. Peter sandstone. The shale (No. 1 
of the generalized section of the Platteville) just above this is here v^ry thin or absent. 
No. 3 represents the quarry rock (No. 2 of the general section of the Platteville) while No. 
4 represents the next higher member, and Nos. 5 and 6 probably represent the upper mem- 
ber of the Platteville. The beds above No. 6 are referred to the Galena. 

4. Section ai Mineral Point near Mineral Point Zinc Works. 

Feet. 
6. Debris of limestodte, containing Streptelasma comiculum Ilali and a few specimens of Orthis 

tubaequala Conrad 3 

5. Compact, fine-grained limestone, "glass rock " (?) 2 

4. Thin, wavy-bedded, glass-rock-like limestone. Orthts tricenana Conrad, O. defiecta Conrad, 
RaftneaquinaaUemataConTB.d.Rafine8quina mtnnesotensis VUlch, Zygosptra (Halllna) ntcol- 
leti Winchell and iSchuchert, Rhynchotrema mtnncjsoienMs Sardeson, Lrperdilta fabuUtes Con- 
rad, Isoteiut gigai Dekay, Monotrypa magna Ulrlch. ZiUUella typicalis Ulrich and Everett 

and AnthaspuUUa sp 25 

3. Coarser, thick-bedded dolomite 14 

3. Unexposed 

1. Sandstone 10 

In this section No. 1 is St. Peter, No. 3 (and part of No. 2) is the second member of the 
PUtteville; No. 4 is the third inenil)er of the Phittevilie, while No. 5 represents the bitsal 
part of the upper member of this formation. No. 6 perhaps belongs to the Galena. 

5. Section at Darlington. 

Ft. la. 

IL Coane-grained, thick-bedded dolomite, with ReceptaculUt% owtux \i%.\\ v 

10. Coarae-giained, thick-bedded dolomite "^ 

ft Comrm-grmiiMl, thick-bedded doiomlto with flinU ^ 
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Ft in. 

s. ( '<iursr^jjniino<J, thick-lKvltliHl cldlomitc 2 

7. No «>x|Misiin* 6 

f'l. roiirw'-Kriilurtl. iliick-lxvldivl <|olomite with 3 »haly bandit, one-half to 4 Inches thkt 

Ni-ar liHst* tin* a few Orthin tricenaria Conrad, O. plictUella Ilall, O. jtn^jr^iMi/a Conrad.. 27 6 

:.. Tliin-tHilMtHl .lolotuit*' 4 

■I. Thlii-NslfliHl iJini'Htoni' with oil-rock partings which are one-fourth to 2 inches Uiick. Or- 

thin trier ruiriti ( 'onrHd. O. mbsrquaia Conrad 4 

3. Fint'-^niinitl. ((impart, inuf^ncsian liraeatonc with a few flakes containing Buihographi* 
Inxu' Mii<i a f«-w oil-nick partingn. Thl.^ represents the true glass rock. The upper aur- 
(««••• is smooth possibly waten»'om. O. ^batquaki Conrad (var. minneapolU Wincbell) 

pla'«t4'nNl on top mirfar-e, Streptrlanma profundvm Owen in body of bed 15 6 

2. lilin- miipicxian limcjitono with dark, wavy parting^ W 6 

1. \'(>ry MiH>. miiK"<'s>Jiii liiiief<tonc with more prominent clay partings. Pleuratomaria tvbconu 

I lii II. Sfrrittrlofiun profumlum Owen 1*' 

III tlir alM)Vi' s«'<-tioii the louvr part of the Platteville is not exposed. No. 2 aiid probably 
No. 1 U'lonjr to .N'i». 3 of ihi' p'Horul Platteville section, while No. 3 Mongs to the uppermem- 
Imt iif that .s^M'tion. Nos. 4 to 11 U'loiig to the Galena. 

S4»<'tion 1 rrpn*s««nts thi» conditions in the extreme western part of the area. Section 2 
n'pn's<>nts the rondition.s pn^viiilin^ in the Lancaster quadrangle and in the western part of 
the .\Iiiienil I*oint <jiiadranj;le, wliile s<'ction.s3, 4, and 5 belong to the east'em half of the 
hitter area. It will he noted that the Platt^'ville grows more magnf^ian to the eastward. 
The Darlinjrtou .siftion, in fact, l)elongs to the Beloit or east Wiscoasin hasin, in which aD 
tlie HK-ks eom'sjiondinj: to the Platteville and Galena ofjhe mineral district are dolomites. 

Rthitiou.^. Tlie i-elations of the Platteville to the St. Peter have already* lieen discussiHl. 
The ♦•xaet relations of the (fah>na an» somewhat open to question. l.athologically there is 
no ^'H'at (lillerence U'tween the hii.sal Galena and uppermost PlatteviUe. The nx'ks are 
ess<»niially thin-U'dded limestones with interl)edded shaly matter, and indicate that locally, 
at h'a^t. ineeliaiiieal s<-din»ent n'aelied the an»a for a sliort time both in the closing sta;^ of 
the Platti'ville and o|X'niiip of (lalena time. Tlic beds are believed to represent shallow- 
water conditions, under which hx-al unecmfonnity would be expected to occur. CTiamber- 
\\\\<i nhsTved some AV^w evidencM'of such uneonfonnity above the glass rock at Platteville, 
and Grant has noted a place near the Tip|K»can<H^ mine where the glass rock is absent. This 
may he expluinecl in another way, hut at least accords well with the notion of local uncon- 
formity. In the Darlinjrton cjuarry there is a place where shales re<x)gnized by ITrich as of 
(Jalena n\ir o«'cupy a chaimel of some sort in the underlying rock. This he interprets as a 
ilcnr mark of unconformity and reinforces his conclusion by evidence (not yet published) 
d«rivc<i from the fossils. For the pres<'nt it c-an only be stated that the exndence a.s a whole 
is not entirely conclusive, and that such unconformity as appears is seemingly verj' local. 

f;.\LEX.\ I)<)I.<>.MITE. • 

Siini( nwl chanuid. --Alx>ve th<' i^Iatteville limestone, in the mining district, is a thick, 
massi\,' d<»lomite. which forms the main ort'-lnMiriFig rock. It has long been kno\vii as the 
Gjilciia limestone, a name applied hy James Hall 6 to the beds in and around Galena. 111., 
lyinji: ahove the mm ailed Trenton. Th(» exjx>sures around that place are accordingly typical 
for the formation. They show it to fx' made up of a granular, higlily cr>-stalline dolomite 
of dark-hulV coloi'. Owinj: to the jm-dominanee of solution over disintegration, it presents 
on weathered surfaces a very characteristic carious surface, marked by pits and rounded 
j)roiul)erances. (S<'e PI. IV.) In hand specimens it fre(iuontly shows small open cavities 
of Very irre^ilar shape. Thes<* are ofti'n lined with dolomite crystals. When the rwk 
wj'atlicj-s it hreaks down into a coars<» nnl sand, made up of individual crystals and crvstal- 
line particles of <lolomite. 

Chert or flint is ahundant in the median |)ortion of the Galena, usually occurring through 
// /Jj/rJinoss of nlmiit UM) feet. The cherty \x*dj^ «vi\<5i \\\r»^^ «Xic»N^ >w^ ^ii?^cs9«^ ^vtliin the 
////y//v of thr ritv <>/* (la/enu. Tli«^ hij]5hest Wi\s U^nw \\\o v^v^x^vsiftft TC)«^TiC!>t\^^f»«^, ^A^iofcNjcw^ 

^ Foster aad U'Hitney, Geolo^ ol tUe l^ko Superior \.au^\>\ft\.T!«t,^ffl».,TA^'i,v«\M^ 
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as far as tlie old toUgafe. Tlie lower beds come to the surface between that point and the 
junction of the two branches of Fever River. 

Oeneral sectums. — A somewhat generalized section of the formation is given below. 

OenerdL section of the Galena dolomite. 

Feet. 

5. Dolomite, earthy, thin bedded 30 

4. Dolomite, coarsely crystalline, massive to thick bedded 60 

3. Dolomite, thick to thin bedded, coarsely crystalline, chert-bearing 90 

2. Dolomite, thick bedded, coarsely crystalline; locally the lower portion is nondolomitic and 

thin-bedded 50 

1. Thin-bedded limestone with shaly partings which are highly fossiliferous, and, in part, at least, 

carbonaceous— the "oil rock " of the miners, usually with a well-defined clay bed at the base . 2-10 

The basal member of the Galena, No. 1 of the above section, is well known throughout the 
zinc district. It receives its name from the laige amount of organic material which it con- 
tains, often sufficient to cause it to bum when lighted with a mat<!h. In the mining district 
it is everywhere recognized as the oil rock; and as there are usually several bands of shale 
interbedded with thin, brittle limestone, the most important band is there discriminated as 
the "main oil rock.'' Tlie individual bands of shale are generally thin and discontinuous, 
though the oil-rock horizon may be recognized throughout the district. It is a curious and 
significant fact that the oil rock is best developed in and about the mines, and that it is 
absent or pooriy developed in the quarries and rock exposures between the mining districts. 
A number of sections given in connection with the description of the mines illustrate the 
character of the lowermost beds of Galena. A generalized section of the lower portion of the 
Galena would be as foUows: 

Oeneral section of basal Galena beds. 

Ft. In. 

4. Thin-bedded oiagnealan limestone, variable in thickness, which depends upon the extent 

of dolomitixation 0-15 16 

3. Thin-bedded limestone or dolomite with partings of oil rock '. . 5-8 

2. Brown, shaly material, wfth minor lenses of limestone; the main oil-rock horizon f-2 

1. Shale or blue clay containing black phosphatic pebbles i-3 

In places dolomitization extends down to the top of No. 3 of the above section; in other 
places No. 1 of the section can not be distinguished from the shaly limestone beds at the top 
of the PlatteviUe, in which black and brown shale, indistinguishable from the oil rock of the 
Galena, occurs. The oil rock often occurs in two pronounced bands rather than one, and 
the difference between Nos. 2 and 3 of the above section is one rather of the relative propoi^ 
tions of shale and limestone than of difference in kind. 

Tlie material here called oil rock is a finely laminated brown to black shale. It is com- 
monly of a dark chocolate color. When burned, it gives off a peculiar petroleum odor, and 
it is from this that it is named. The shale contains fragments of slightly harder rock in a 
matrix of softer material. These fragments show fracture and are bent and broken, while 
the soft material has evidently been squeezed in between the fragments. Particularly 
strikiiig examples of this structure were seen at the Hoskin mine near Hazel Green. In the 
bhie clay bed beneath the main oil rock are numerous small, rounded, black, pebble-like 
bodies, which, upon test by F. F. Grout, proved to be made up of phosphate of lime. Since 
they include pieces of fossils it is supposed that they represent either fossils themselves or 
C(HicretioDary masses derived from them. 

The oU rock proper is one of the most interesting materials found in the region, and its 
ttignificance in relation to the ore deposits warrants the following rather full description. 
C^iemically it consists of impure limestone impregnated with organic matter. Partial analy- 
ses of three samples o showed contents of ** carbonaceous" mattet oi ASi.^ -^x o^wV, V^^^ 
P«r oeDt, and 16.76 per cent. Recent tests by F. F. Grout on mal^TvcX Ixom \\\vi \>>\%^^«^ 
^9Poapeet west t^PkitevUle abow a content of 20.85 per cent ol voVaXW m«A,\fcT ,navV"1 a'^ 
^ ceai ci tme aurbmuoeoua material in thoroughly air-dried aVia\e. \^«JcV:vci^^ ^ 

• Oeology at Wisconsin, vol. 2, 1877 , pp. 680-ftSV. 
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uiili f*tli«T pivf It (flick. Iii'nvv oil. wliirli is douhtk^w tlio mcMt important element in t 
vnliiiili' niatt4>r iiiitl wiiirh c-oiitnins an ii|>pn>4*iiil>1(> Amount <»f sulphur. 

Mr. KoUiii ('hiiiMlx'rliii niurtiMm^ly uiidertiMtk the further examination of tlie viiUtilf cq 
St it units I if tli4' PM-k with thr following n»suhs: 

I hi- oil f'M k Is MTV |Mir<>U]* iiinl li^lit. liuviiiK » itl>n-Iflr Ki^vity of only l.iK an«l yieltlinf; pi5 tmbt 
will II iil.H'iNi ill w:itir. ' mk- Miluiiif of tlii> HN-k Kavi> .'iT.-ki voliinien of gai* when hoatrd to a n*<l hoati 
v.ii iiiiiii f'lr tun h«iiir^ \ pi- analysis of tliin material icavo the following rp5iilt5: 

.1 nultini" of fHi" trnm oil rock itf DugdiUt projtprrt. 

H\-lri««-;irJ.Mri Ynimr**. 11 

Hi'.i\ > Lx-lp-^Mr'H'ti- -I 

en. . . :y 

H:- ^ 

« "s 1- 

«■<» . . • 

M. ... 

11. V 

N. . : 

in 

I [I'lrr till' t(TMi IiyilriKMrhiin vapors arc hero Kr<>iil>^ varlouti hydrocarl>on8 whkli art' I^uid 
<ir'liti:ir- ii-tu|>«>nitun'jiiit| whirtum' siiliitili>i[i .il(*oho|. lU'nzinoniay I e taken mkh typo. Tlieye-ni 
iiK-n- tli.iii '• :iit>iiio I if (M rill III por innht-iili*. Thi> licavv hy(lnx*arl>onA an* gaM's. siiich ait i<tli>lt 
.i«i t>li rir. jii'i lliijr aiialti^'iii"*. In iiiukin>; thi; aiialy>i!« tlie liycInx-arl)on vaiHtrs were I'lTft Tcnuv 
;iii<l ill tiTiiiini'I lliiii till- lnM\\ JiyilnxarlKins won* absorlM**!. leaving only CIIi of the j^trii-tly una 

■ pdtiii'N t>> Iti- lirtiriiiiiit-ii What pi'ni'ntagi' of this material existi< in the n.K-k in the truvpiiv 

--r.iti- i<< !inpii-->iMi' to I'll tliMii^h ir i> prnlwittiy iidt a very large proportion. Most i»f thepi<. a> 
.iii.it\-i-iiiliriit<'-.«.iiiiifr<»ii tln'li tilliitioiian(lilivoni|K)sitionof various Volatile hydnn'arboniiwt 
i.'i\i- til till' Mil nM k It- iiaiiii- aii'l pn'ii;'il!Hinjr i)n>iH'rtlea. None of my analyws. with the extvptioi 
iiiii iif liiL'hly »<uuiniii'iw- s\m\v fr«»rii Ti-niirs.Mi'. have .sh(»wn either hydrocarbon vaporit or heavy hyi 
< .ii'miii.s pn-M-ni. 'Dir ('\i-(>-*>iv4> Miliinir of the gas, *)7. as against an average of 4 volunieii per vnli 
• •I r<>< k aii'l till- ii.sMal aiMniiiii of \\t< and Clli are the other notahle features of the oil-nvk gas t 
r.in !\ i\.i'r.N ". per ««iit in ilmi«oii> i.r .^.iviimentary nx*ks unlenA inanufactuniHl in the comhustinii t 
fr..". ■.Pi;.!!!!'- » -'Uipi-iiiiil'. pn-i-m. In t hi- (•M.•^» heavy tin>wn tars were also evolvi^i. 

V iiii<-rn-<npi<- (xariiiiiatiun of slides of the same materia] made by Mr. David WI: 

Ii-aiU t«i tin- f«)llo\vinL' ••iiuclu-ion-: 

I :.'.< .. ti.ih.^..( tlnli>:ht > -hill ■< -la 1 1' .-hall- !«how them to contain minute, flattened, generally oval. 

■ ii. ...I tn.ri.-hin III ImhIh- i.i .i .'Tilliant li'inon-yellow color and highly n»fractjve. the hirpfringenn 
.|. I. I i;:..l liy K. I . W rii;!it hriiiu' l.«il".i. The.««' yellow h<»*lieH. varying from S to t>2 microns in hi-ri; 
i.il •li.iinitrr anil .'• !•> jii iniiToii.- m vrrtK-.iI iisuiilly thinly lenticular and irregularly rvninde*! ut 
.-l!:i-. I .It ,.1'i.n n-Mri> <.\.il. an', in vrrtmil M.ition, .mm'U to lie horizontally matted with others' 
;i;. Ml- .i!i<l with I r\ f:il- of l.ii.r |.»riiiati<»n. pn-^i.M'ly like the matting ot forest leaves l>eneath thn 
!■ : -II'. \v. W lull- \.ir\ iiii.' t^Tr.itly in -i/r they a(«oiiim<Miute themselves topographically when over 
j.i:.:'. ..r -iiriii.'iKit mi: tin- i«>.»r^i'r rm k material tiiul strm to preserve tlieir individuality even w 
.ip[i.ii. iiily ill . liMLu I I'h-y are iiK-n-ilihiy nuniiTous. constituting over W percent of the rivk ii 
i'l i!:i- rii lii'-t i.ixi-r- 

I ;".:i ir.'|i« r mun.-. .ipiraj iiiaiii[iiilat loii the larjreriif the yellow hodiCM appear to include a nun 

■ ■I ii..ri/'iii.iilv .i\al hLMin--. rhararteri/*".! hy an I'.xlnMiiely narrow and usually ot)!<Mjre murginHt 
;-ii-l .1 .>i:i.ii! r..im-li-li.i.r-h::hil> irni-Milar.'Irn.-er.anil often da rkern-olored niassneartheivntor. T 
hi.':n> - a Vi-r.iL-mL.' .ih.nit s mii rmi- in Im^th ami '• inirroiis in width, are suspended in the transltK 
yil|..\v i...ti. - in wlinh tlii> an- -imilariy <rim|>n'--i»<«| hon/.ontally. They arc regarded a< prolii 
«-..rn-[unilmi,' !<• tin- K»ni«»iir.- nf < .»iiap.M«I mul lla I tinned unicrllular plants, the outer ring rcpresen 
ihi- rril iMMiti'l.irv . ilic iiiiirr. <hMi.'-er portion the re<ii(ltial contents ol the cell, whosv original gei 
••iiv.i..pi' i< pn-rr\i'«l a- tin- hii^ht. ieim»ni-o|on'<l. envin)iiing mass. The smallest yellow t)0<tiesap] 
to hav.' loniiiiuil a -iii;.:!.' oval tin- lar>:<'r ones .-cvefal. The yellow borjies are therefore interpr 
.»- I he i<.,N-ii niiiain-oi mirn.Mopir iinirelnilar ^i-lo.-ic ulji.i-. apparently comparatile to the living i 
Toroc. aii'> Tlii-y a[)p<'.ir to have Imiii ^^oini-whaT riirii-lHHl in hit union after the cessation ol t>a(t< 
'li^inte^raiioii. wliirh in tin- hull shales iliM>snot seem to have progressed sufTiciently to form a no 
alile fundamental Jelly. 

The hlaek oil -hall- diin-r- from the light cho<<iiate and hiiiT riH'k chiefly by its deeper color, prolu 
dill' to fireater hiimitu.ition and i)itiimini/ation of the p-io.-ic hodies. and more particularly by the 
pi'ii-ion ol the ialtt-r in a dark-hniwii groiindniass or fundamental jeliy. The details of the oval hg 
and theincliiiicil.deiw'r, >mail.eeiitral masses a re much mon> .•strongly defined and generally more de 
roi(»r»'d. The .».Ji;:htly sinalliT si/.e of i\u« yev\ow \«y\Wv* \\\ Wxt* XA'acV. stvfli^*? is regarded as due eithc 
frn-.-itiTshnnkuise under the influenco of Vbo ^AtumviU ot Vo mm^i «.xx«ti%V>i^ \M4£\ft\\»x \«^vtfi,vtf^xs,. 
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dark-brown groundmass appears to consist of a fundamental Jelly, largely filled with minute mineral 
matter and granulose fragmental ddbris or wreckage due to destructive bacterial action on the gelosic 
bodies, many of which, like the small fragments of larger associated algae, are greatly corroded. Many 
of the gclo<(ic bodies were doubtless completely decomposed. To this bacterial work on the organisms 
is due, in the Judgment of the author, the essential character of the somewhat humified fundamental 
Jelly itself, to which there has probably been accession of attracted bitumen. The more extended bac- 
terial action seen in the black shales is interpreted as antecedent and casually related to the greater 
bituminiKation of the organic matter rather than as merely incidental or accidental. 

The oil shales owe their volatile hydrocarbon contents either directly or indirectly to the fossilized 
residues, interpreted as the remains of microscopic algse, which locally composed over 90 per cent of the 
sedimentary material. These pelagic or floating algee fell in prolonged showers in quiet or protected 
areas where the water was presumably somewhat charged with tannic or humlc solutions conducive to 
the early arrest of anaerobic bacterial decomposition. Possibly the bacterial action was arrested by its 
own products. The original deposits were doubtless several times as thick as those now remaining, 
since it is probable that the organic residue represents as little as one-twelfth of the original volume. 

The Ordovician, like the Carboniferous gelosic algae, appear to have exercised an attractive or selective 
influence on bituminous compounds, particularly those of illuminant values, and to have consequently 
been permanently somewhat enriched. Portions of their hydrocarbon contents have doubtless been 
lost at various periods, and the great shrinkage of the shale which caused the collapse of the overlying 
limestone strata may have marked the flrst of these periods of hydrocarbon reduction. Presumably 
accelerated I033 occurred at all times of rock folding in the region. Such an occasion might be favorable 
for the deeper zinc deposition. 

The general resemblaDce of this material to the torbanite of Scotland, central France, and 
New South Wales is stnking.a These deposits are an important commercial source of cer- 
tain illuminating gases, particularly desirable for train service and other u.scs where they 
must stand compression and of oil for enriching ordinary gas. In the Wisconsin district the 
only attempt to use these shales as a source of gas was made by Mr. J. W. Murphy of the 
Enterprise mine, whoso experiments have not yet been concluded. 

The significance of the oil rock in relation to the ore deposits lies in its capacity to furnish 
a ItLTge amount of material especially well suited to cause the precipitation as sulphides of 
metallic salts. 

Above the basal member the Galena is a very homogeneous dolomite, which through 
much of its thickness varies mainly in the presence or absence of flint. It is granular, crys- 
talline, and coarse grained. In weathering it breaks down into a coarse yellow sand. The 
formation is generally massive, the average thickness of the beds beine from one to four 
feet. Near the top thinner beds, ranging from four to eight inchas, are characteristic. The 
dolomite when unweathcrcd is usually of a light bluish-gray color; but in some places, espe- 
cially in the upper part, it loses the bluish tinge and becomes gray, while in the lower part 
.thb bluish shade is sometimes intensified. On weathering the dolomite changes to a light 
yellowish gray or buff, and in the more weathered parts has a somewhat brownish or reddish 
color, the exact shade depending on the proportion and character of the iron oxide present 
in the residual material. 

Analyses indicate that the rock is in the main a very pure dolomite. There is a slight 
range in composition, as is shown in the two analyses made from difl'erent layers in the same 
quarry and quoted below; 6 

Analyses of Eagle Point lime rock. 
[J. B. Weems, analyst. J 
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aPetrfe, J. M., Mineral oil from the torbanite ol New South Wales: Jour. Soc. Chciiv.lvy!iS..,CyM\.,\^^^«5S>^ 
pp. 9I»-1002. 
»low» Oeoi. Survey, vol. 10, 1900, p. 602. 
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TfK» flints which orour in the Galena vary in sice, rmnging from small particles up to 
inaj»M>s .several inchoH thick. Thmo masses are lena-shaped and are distributed along 
p!am>M M) as to fonn nearly continuous ImhIs. Flint is not found in the uppermost or bwer^ 
most portions (»f the fonnation, hut ranges through about 100 feet of its thickness a little 
Ix'low the middle. In plac4>H the flint is fairly well distributed through this thickness. In 
others it is sogn*pit4»d mainly in one or two beds. 

The most comph^te expasures of the Galena fonnation may be seen in and around 
Diihucjiie. The «»ction given lielow shows nearly the entire thickness: 

Section of (lalena dolomite at EagU Point, Iowa, 

F«t. 

18. I^M>Hfl-c'(>v<>n'<l sloiN> a)K>vo the outcropping ledges of Galena dolomite 15 

17. I^lp'.H of w('ll-(joloinitixo<l (laleiia. varying from 2 to 3 feet in tliiclmen 10 

Irt. Two<»r thnM» rather heavy Unlgea containing large numbera of RectptaeulUet oweni Hall. Re- 

crfttiuiilitrM is foiiml nparlngly In other meml>era of tlio aectlon, but at thia horixon, the upper 

R<'<'<'pta<iilit«'M 7-one, It is exw-wlmgly abundant 10 

i:». Hi'avy-lHHMiMl. typk-al Galena: hard, crystalline and relatively f roe from chert; in ledges 3 to 

(i Uh'I in thu'kne.H8 TO 

1 }. IUhI (>()ntainin^ pockets of calcite. the caldte In some cases forming large crystals 3 

VA. HihI (-ontHining larp^ (|iiantttie8 of chert 4 

IL'. l^Hlp'8 MhowiiiK the characterlsticH of the typical (lalena: hard, compact, crystalline, com- 

ph'ti'ly doloinitizi'il. with small amount of chert IS 

11. Thii-k. massive ImmIs with largi> amount of chert 12 

1(». Thiik iMilsof iTystallini> dolomite, the ordinary type 6 

l». I.<Hip- varying in tcxtun>. containhu; small pockets of caldte and some chert; a single sped- 

mni of RfceptaculitrM found in this ledge 4 

H. Hi'uvy Unlf^c nearly on level with the top of limekiln *. 3 

7. Dolomite varying in asixtt according to de^jve of weathering; at Eagle Point showing Ijed- 

(iing planes 10 ti> is inelies apart, a few nodules of flint and numerous spedmens of Reeep- 

UicnHtdi oireni marking the lower Ili^ceptaculites sone 15 

0. Massive, crystailiiie dolomite; l>edding planes almost completely obliterated 20 

.'». Iru-ompleU'ly dolomitized IxhIs with shaly partings at intervals of 6, 8, or 10 inches 10 

4. Limestiine, earthy, incompletely dolomltized 2 

'A. Oil nn'k. t-arbonaceous shale, weathering to brown earthy matter } 

2. <;ias«< nnk; thiii-lMMM«Nl, brittle, nonmagnesian limestone In 2 to 3 inch layers with im-gnlar 

• luyry partings 3 

1. .•<hal«*«<. gri'^'n. argilla^-^njus, abundantly fos.siIiferous: exposed 3 

Al>ov(> tlie Ix'ds ill this section is u considerable thickness represented in the following 
s<?ctioi» measured on Hill stre«'t l)v Prof<'s.sor Calvin :« 

Stction ofiialena UmeMone on Hill street^ Dubuque. 

Feet. 
'J. Thin-bedded (lalena limestone, earthy, noncrystalline; the layers ranging from 10 to 12 Inches 
mar the bas«> to less than ■'{ inches in thiekness near the top; upper part of this meml>er ver>' 

shaly; carrii's as fossils Litifjula iotcrnsiA, Lionpira lenticularia, and Conuiaria trentonensia 30 

1. \Vtll-<l()l(.initi/(<l rialena tii layers ranging from 1 to 2J feet in thickness: with softer beds near 
thf inidille, which fre<juently disintegrate so as to form caverns; basal part only of this 
mrinh«T repres<'nt«'d al>ovi' the Kcivptaeulites bed.s at Kagle Point 30 

The Iw'ds fonnintr No. 2 of tJiis s^'ctiim are fairly representative of the uppermost portion 
of tln' foiiiintion. Tlii-v an' tliin-U'dded, earthy, soft, and noncrystalline. Dolomit'zation 
is iMi|)erfect. The layers ran^e from 3 to 10 or 12 inches in thickness, the thicker beds 
l>eiii;r near the base and the layers IxToming progressively thinner toward the top. Shaly 
j>artinj^s In'tweeii the strata are more common in this divi.sion than elsewhere in the fonna- 
tion. Tlie thickness of the l)ands of shale in the upp<'r part l)ccome equal, indeed, to the 
thickiu'ss of the alternating layers of limestone. As a matter of fact the limestone in the 
very iip|)er purl is not infrequently n*duced to mere rows of disconnected nodules embedded 
in clay. This mcml^T of the (mlenu is directly overlain by the Maquoketa shales. Its 
thickn»'s,<, is s<jmewhat variable, but averages al)out .'10 feet. This division is not definitely 
separated by any well-marki'd line from the memlx^r Inflow. It has beds of fairly g<K»d 

a Iowa (ieol. Sur\'ey, vol. 10. 1900. p. 42U. 
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quany stone toward the base. The calcareous bands and nodules of the upper part are 
practicallj worthless. 

Thickness. — ^The Galena formation in this district has an average thickness of about 240 
feet. Toward the north it thins to a possible minimum of 200, but the imperfect exposures 
make these figures somewhat uncertain. Near Hazel Green and Dubuque, where the entire 
thickness is preserved, there are approximately 250 feet of this formation. 

Fossils. — Mr. Ulrich supplies the following notes upon the fossils of the Galena: 

Except at a few limited horizons, in which organic remains arc often abundant, the main dolomltic 
body of the Galena carries comparatively few recognizable fossils. The basal limestones and shales 
are highly fossiliferous. In these beds a number of brachipods and pelecypods, namely Orthis tricena- 
riOf O. pe<AineUa, O. testudinaria, Plectambonites, Lapuma charlottx, certain varieties of Rafiiusguina 
aUemata and Strophomcna incurvata, CtenodorUa aatarteformis, and Vanuxemia moto are more or less 
common, and, except the first, which occurs also in the Piatteville, highly characteristic. Over a large 
part of the area the basal 3 or 4 feet of the Qalena contains a thin-bedded fine-grained limestone. charged 
with Rapnesquina, Ctenodonta and most of the other fossils just named. A very large variety of Cerau- 
ruspi€urexanthemus Isanotherof the characteristlcfosslls of this bed. Bryozoa are practically wanting 
In this bed, but farther northwest, where diflerent conditions prevailed, these are abundantly repre- 
sented in corresponding strata. 

In the section given above it will be noted that reference is made to two Receptaculites 
zones. These are very important and helpful in working out the stratigraphy of the region. 
While the fossil RecepttundUes oweni (Hall) occurs sparingly throughout the formation, there 
are two horizons at which it is particularly abundant and nearly always present. The lower 
occurs from 35 to 50 feet above the base of the formation. In other words, it marks rather 
closely the separation between Nos. 2 and 3 of the generalized section, the first flints in the 
formation being at this horizon, or just a few feet above or below it. This horizon is exposed 
at many places throughout the district. The upper horizon occurs about 60 feet below the 
top of the formation. It is even more marked than the lower one just mentioned, but as 
exposures of this part of the formation are less common, it is not often seen. 

A few specimens of a brachiopod of the genus Lingula occur in the Galena, especially in 
the upper thin-bedded parts — that is, in No. 5 of the generalized section — and at Dubuque 
there are certain horizons at which gasteropoda are abundant. 

Relations. — It is aside from the purpose of this report to discuss the general stratigraphy 
of this area in its relations to that of surrounding regions. Mr. E. O. Ulrich is now engaged 
in studies designed to afford the basis for such a discussion. The relations of the dolomite 
to the nondolomitic phase of the Galena have been discussed in detail by the author and 
Professor Calvin in connection with their description of the geology of Dubuque County, 
lowa.a To that paper the reader is referred for fuller details than are given in the following 
condensed statement. 

Field evidence, coupled with that derived from a study of deep-well sections in the area to 
the southwest, indicate that the beds here referred to the Galena constitute a natural geo- 
logic unit maiiced by persistent life zones at various horizons. F'ormerly it was customary 
to recognize as Trenton the beds here referred to as Piatteville and in addition such portion 
of the overlying beds as was not dolomitic. It may, however, safely be assumed that, aside 
from the shaly portions, the material originally composing the formation was calcium car- 
bonate derived from the disintegration of organic skeletons, and that in certain parts of the 
geologic basin the calcareous l)eds, or some portions of them, were altered to dolomite. The 
process of dolomitization was more complete in some parts of the basin than in others, and 
affected the strata through a much greater thickness. As a result of the alteration, bedding 
planes were obliterated where the layers were not separated by bands of siialo, and thus the 
massive ledges that are recognized as characteristic of the Galena were produced. Traces 
of fossils were, to a very large extent, blotted out; this being particularly true of brachiopod 
shells and other forms which blended homogeneously with the matrix. It is believed, there- 
fore, that the dolomitic beds in certain portions of the area are the equivalents of other non- 
dolomitic beds elsewhere, and that the process of alteration from limestone to dolomite fol- 
lowed their original deposition. 



«Iowa Geol. Survey, vol. 10, 1«», pp. 4S»-»V. 
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f)iilornlticatum. Noither liiiiojitoiMx nor dolomites are formed, with unimportant excrp- 
tioim. tiin>ii{!)i miM'lianical iii(>an.s. Thi»v must l>o the result of either primark' or sefondwy 
cliciiiical art inn. 

Taking; first tlie ra^e of liiiK^tones, hut little study i.s necessary to show tliat while it is 
])<issil)l(' ihiit tlicy may Im' f<»nne(l hy dins^t rhemical pnnMpitation fnim a saturated s«>lution, 
or hy the u<'t ion of spring, as a matt«'r of fart m<jst limestones seem to have l>een formed 
thn>u(;li the a<'tion of marine animals which s(*orete lime to form various hard parts of their 
iHKlii's. and lhes«« shrlls and otln'r n'mains, in part hmken up hy the waves and possibly 
nMTini'ntrd hy ]M>n>olatinf; water, later [N<rha|)s re<Tystallized into a homogeneous iiul<«. 
make up the hulk of known linu^stones. Tlie limestones of this region afford, so far as can 
Im« <li«-ovenMl, no exe<'pti<»n to this nik'. It is further rle«r that they were formed within 
n*i«tively shallow water, sin<*e they wem still within the reaeh of an occasional incursion 
of niud. 

The dolomitiiu'd (ialeiia l>eds wen* manifestly <ie|>osit(>d under somewhat ditterrnt condi- 
tions. If iselearthat they wen* not j^'fierally within the limits of mechanical sediinenta- 
li«ui after tl»<' Imsal Iwds w<'n» fi>rmed. Tim manner of pres<'r\'ation of the fo^«iIs, the fonus 
which :ire noriintlly pn'siTved in the hitiest^ine <K'curTinp in the n'verse, or as casts, in tiie 
(loloniit(>. s4NMns to indieute that the n>cks as originally deposited werv not dolomite. Init 
limestone, and that they w«'n* ehan^nl later. 

The partial sul>st itution of ma^iesium for calcium in ordinary- limestone takes place 
n'udily at ordinary teniiM'nitunvs until a condition tif molecular e(|uilihrium. n»prps«^nted by 
dolomite, is n'aclied." 

In the Mississippi Vuliey, as els<«when«. dohmiitization has la»en hoth Kx'al and regional. 
LiHjil dojoniitization is definitely n'lated to ]>articular fractures, and is Ix'Iieved to he due to 
the action «>f ordinary under-jrround waters. I>olomite found in connection with the Joplin 
on* (lej>osits afr<»rds an excellent exampleft of Iwal dolomitization. Tlie attempt has l»een 
rnjuie to refer the n's;ional dolomitization of the up]>erMis.sissippi Valley to similar agencies/ 
hut the iiec(«ssary r-**du<tion in hulk, estimated as 10 to 1, is jjn»ater than the field evidence 
ndieates Ims occurred in this n'^^ion. A mucli mon« prohahle i^xplanaticm is that the change 
occurred while the nxks were still Unieath the sea. aft<'r the limestone was formed, ])ut More 
it \\:is clc\ jited al)ov<' the water or completely huried hy suc^-iM'ding lieds. It is known that 
hoili ma^Micsium and (alcinin an* hehl in solution in wa water in small hut appre«Mablp 
ariioiints. aii<l that the ma^rncsiuni may under certain conditions Ik* deposited directly a'* a 
caihoiiatc. KlcineiK has shown hy ex}>erinient<' the act ion of solutions (»f magnesium salts 
on powdcH'd aiajronitc crystaK an<l <'oral hy <'xposing these t<» the action of magnesium sul- 
phate in a concentrated solution of stxliuni chloride. Acti(m Itegan at 60° (\ and incn»ased 
to \)\^, with a inaxirniini yield of 12 percent of nuignesium carlxmate, which, in the presence 
<if calcitiiti carlxmate. woubl crvstallizc in time as a tnie dolomite. It is to \h* noted that 
tlicM' conditions would ail he readily n'pn»duce<l in .shallow s<'a hasins, such, for example, as 
the inclosed lagoons nr- atolls. Thi> is in line with what has l)een actually ol>s<'r\'ed m ct)r«l 
at<.lls.' 

In inclose<l hji^ins of sea water nia^'nesiurn chloride is often in considerahle exitss 
over the Mxlium chloride. 7 Kvaporati<»n of the .sea water tends to make the .solution 
continually stron«:<'r, so that there is a c<»nstHntly increasing tendency for the magnesia 
to enter into coinhination with the lirne rock which may l)e l»elieved to form the l)asin 
«jf the pool and to have hec'ii di'posited nuiinly, as u>ual, through the action of living organ- 
isms. The iKtual formation (»f <lolomite uiuler such c<tnditions has l)een obst»rved, and it 
is hclieved that the condititins were similar in this region when the nx'ks were formed. 

" \':in U\<»\ ('. K.. Troatis*.' ou nu'tainorphisin: Mori. l\ S. (icol. .'Purvey, vol. 47. 19U5, pp. 7i»S SnS. 

''Mam. U.K. Twcnty-smjnd .\nn. Rrui. W >. (;<■<»! Siirv.'v j)| 2. IWl. pp. 30»-210. 

fllall, ('. W.. an«l Sardoson. F. W.. Tln> niaj^nrsian .srrn's «»I the northwcslein States: Bull. (mi^I. 
SfK'. AnuTiCii. vol. r.. iv.^'i. pp. lf.7 l«»S. 

'/ Kloincnt, Constantine. [iiill. .s,)c. (Jrol. IM^r, l«r,. \). li-'j.'r, TwMntrmaks. Mitt.. I«a5, 14. 52rt-;>44: .VI- 
8t"act Jour. Chrni. S<k?.. v<»I. 70. pt. 2. iwr. p. IHi. 

'Dana J. D.. (orals ami Coral l8lan«l.s. IhIX). pp. .T.»;{-;«M. 

/Ucikie, Text-book of Geology, 3d ed.. !»«, p. 4V2. 
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MAQUOKETA 8HALE. 

Name arid thickness. — Above the Galena, in the long slopes that lead up to the mounds 
and the Niagara escarpment, is a body, 140 to 175 feet thick, of blue to green shale with 
occasional bands of limestone and dolomite. This formation was entirely overlooked by 
Owen and the earlier investigators, but was recognized by Hall and correlated with the 
** Hudson River*' shale of New York.a There has been a great deal of discussion concern- 
ing the formation, b In Illinois c and Wisconsin d it has been customaiy to use the term 
Cincinnati for this body of rock. Without going into the general question of the correla- 
tion and age of the formation it will be sufficient for present purposes to adopt and use the 
local term Maquoketa, proposed by C. A. White e for the beds developed in the Iowa por- 
tion of the field. 

Distribution and character. — The Maquoketa is best developed in Iowa and Illinois, in 
the southern part of the region. It has been very generally cut away by erosion in Wis- 
consin, and only around the mounds is it preserved in its full thickness. The lower portion 
of the formation is perhaps best exposed near Graf, Dubuque County, Iowa, where the fol- 
lowing section was measured in 1899 by ("alvin and BainL/" 

Section of Maquoketa shale at Grafy Iowa. 

Ft. In. 

17. Drab to black, argillaceous, UDfosslliforous 2 

16. Sixth Ortboceras bed; brownish, hard, granular, nonfissilo shale, with numerous specimens of 
the minute, brad-like shells of CoUdus iowensia, some small gasteropods, a few specimens of 

Onhoctra* BocicUe, together with cephalic shields and pygidia of Calymene mamiUatus 1 2 

15. Shale, drab, very fissile, somewhat sandy, no fossils 1 4 

14. Fifth Ortboceras bed; light brown, earthy, nonlaminated. rather hard layer, which some 
writers have described as limestone; not very calcerous; crowded with shells of Orthocenu 
goeiaJe, which are generally crushed and otherwise imperfect, some of the partially decom- 
posed shells still retaining the original nacreous luster 1 

13. Fissile, slaty shale, dark gray in color, containing many blade-tike or sheath-like impressions 

of Spatiopora iotoensig Ulrich 6 

12. Fourth Ortboceras bed, llthologicAlly the same as No. 14; Or/Aocera« very numerous and 

crowded, more perfect than in 14 6-8 

11. Shale varying in thickness, dark gray in color 1-3 

10. Third Ortboceras bed, resembling 12 and 14 10 

9. Thin bed of dark, fissile shale; irregular as to thickness, in some places reduced to a mere part- 
ing 1-3 

8. Second Ortboceras bed. llthologlcally like 10, 12. and 14 , 1 

7. Shale, dark brown. Imperfectly laminated, rather coarse grained and earthy, crowded with 

Diplograptui peosta ' 5 

6. First Ortboceras bed, like No. 8 4-8 

5. Shale, brown, fissile, fossiliferous 7 

4. Shale, earthy, granular, nonlaminated, with many comminuted fossils and perfect shells of 

Coleolus towensis, Murchieonta gracilis, Lxosptra micula, and otbcr species 2 

3. Shale, dark brown, nonfisslle, with a species of LingtUa three-eighths of an inch long and one- 
fourth of an Inch wide 2 

2. Shale, dark bluish-black, fissile or slaty, containing largo numbers of Leptobolua oca'deiUaIin 

and two species of Ltngula 2 2 

1. Shale, brown or black, nonfissilo. fossils rare, occasional specimens of a Lingula half an inch 
long and three-eighths of an inch wide 6 

Apparently the lowest beds of the Maquoketa are not represented in this section. These, 
together with much of the Graf section, are shown in the following, also mea-sured by Calvin 
and Bain : ff 



a Foster and Whitney, Geology Lake Superior Land Dlst.. 1N51. pt. 2. pp. 14H-1.51. 

* For summary and citations sec Calvin and Bain, Iowa (lool. Survey, vol. 10, IIKX), pp. 431-432. 

«Geol. Survey Illinois, vol. 1, 1865, pp. 137-141. 

'Geology of Wisconsin, vol. 1. 1883, pp. 170 et seq. 

« Geology of Iowa. vol. 1. 1870. pp. 180-182. 

/Ibid., vol. 10. 1900, pp. 435-436. 

ff Ibid., pp. 43»-440. 
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Sertion of Maquokefa shale near HUU Mitt, Dubuque CoutUy, Iowa. 

Ft in. 
.Ki. Blue and ^Teen plaHtic day fllialcfi, concealed in alope, except at contact with No. 29; thick- 
ness not measu red 

'JM. Shale, yellowish, weatherinfi; to plastic clay 1 

2H, Indurate<i, stony IkmIs, yellow ^ 3 

27. Shale, laminated, flssUe, yellow 2 

26. Dark drah, nonflssilo shale containing; a few specimens of a amall Ortkoeertu, a diffenmt species 

from O. nociaie Hall 3 

i'l. Fissile, hlaty , lUuish sliale, wi'athering yellow 6 

24. Yell(»w, stony, calcareous, nonlaniinated bed, with some Rpecim«is of Jlf«rdW«onia gmciK» 

and numerous small iinpilas 3 

'£\. Drah, slaty shale, «iuivalent to Nos. 16 and 17 of flraf section 2 

22. Shale 1 

21. Fifth ()rth(XH?ra8l>ed; 40 feet above base of the formation 1 

'A). Shall*, equals No. 13 at Graf 6 

11». Fourth Orthoceras Iwi, equals No. 12 at (Jraf 6 

IK. Thin scam of shale, equal to No. II at Graf 2 

17. Third OrthiK-eras l>e<I, equal to No. lOat (Jraf 10 

16. Shale, ociual to No. Oat Ciruf 2 

l.'i. Second Orthoceras IkkI, equal to No. 8 at Graf 10 

14. Dark, fissile shale 3 

13. Nonlaniinated shale, with shells of Murchitonia graciH$ 3 

12. First OrtluM-eras lH*d, equals No. .I of (Jraf section 6 

U. Brown, fissile shale, equals No. .•> of Graf section 1 

1(». Nonlaminatcil. fo.«*siliferou8 IkhI, equal to No. 4 at Graf 2 

y. Brown, flssilc shale, equal to No. 3 at Graf 2 

s. Earthy, fo.ssillferous shale, not represented at Graf 2 

7. Blue, slaty shale, with the fossils of No. 2 at G raf 1 2 

6. Hard, yellowish, barren shale 3 

f). haminutcHl shale with the large lingulas of No. 1 at Graf 13 

4. Blul.>«h or drab, laminatcfl shale, with traces of graptolitcs and numerous specimens of Jjep- 

toholua and Lingula in the lower part; upper part barren 8 

3. Bluish, imfossiliferous, laminated shale 8 

2. Shale, variable in color and texture, but in general nonlaminated and co&rse; very fossUiferous; 
curries a small spei'ies of Orthoceras, Liospira micula, Pleurotomaria depauperaia, ByoiUhe* 
ptirviuftculun, Clddophorus neglectus, and Ctrnodonta fecunda; the l&st-named species very 

common ' 2 

1. l'])per bo<lM of the (iulcna limestone, showing the usual thin layers which become progress- 
ivi'ly thicker from above downwanl: exposed in vertical walls in bank of streAm 15 

The lowermost bed of shale found in this section, with its peculiar assemblage of fossils, 
is esi)e('ially characteristic of tlie base of the Maquokcta, and has been found at many 
widely scattered points throujrhout the rt»gion. 

AlH)ve the l>eds illustrated in the.s(> sections, there is a considerable thickness of very 
plastic blue clay, usually but not always nearly free from included limestone bands. Near 
the top of the fornmtion the limestone or dolomite bands become more and more important 
und the shale partings le.ss conspicuous. Along the Illinois Central Railroad between 
Scales Mound and Apple River there are true rock cuts in this formation. 

Fofisih.- -The Macjuoketa as a whole is very fossiliferous, but owing to the poor expo- 
sure's there are few good locations for collecting. The character of the faima of the lower 
l)cds has p<Thai)s Ix'en sufhciently hidicated. 

At tlu^ top of the formation at many places fossils oi'cur in great abundance. The thin 
plat(»s of limestone and appaivntly also the intercalated shales at this horizon, are highly 
magnesian. and the fauna it.self is wry different from the one found at the base of the forma- 
tion. The following s|M»cies, collected near the tops of the mounds 2 to 4 miles south of 
Shullsburg and determined by Ulrich, are characteristic of the beds: 

Monotrjpella quadrala. Dinorthis sulKiuadrata. 

Moiiotryjia rectimuralis (?) i Hebertella occidentalis. 

Hotcrotrjpa singiilarls. i Platystrophia acutlllrata var. 

Ploctambonites .<(axeu. | Rhynchotrema capax. 

~ eptflpna microco.stata. \ KhyucVvottema v^^rlamdlosa. 

ictorthJs whitfloMl. \ B.\vytvo\\o\.t<»TO«c V*-^ Tv^siveXv. 
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RdatwM. — ^The relations of the Maquoketa to the Galena, while probably those of uncon- 
formity, are "hot altogether clear. The Galena dolomite is considered to be of Trenton 
while the Maquoketa carries fossils of Richmond age. Between the two there is in the 
east a Utica shale, which has no certain representative in this region. It has been held by 
some that the Maquoketa accordmgly rests unconformably on the Galena. J. F. James a 
detected, as he thought, distinct evidence of unconformity near Dubuque. Calvin and 
Bainl> were unable to confirm his observations, and Sardeson,<: aiguing from paleontologic 
data, would disregard altogether the obvious lithologic change from dolomite to shale and 
join with the Maquoketa most of the Galena beds above the upper Receptaculites zone. 
These citations are perhaps enough to indicate in what confusion the matter stands. For 
present purposes it is sufficient to point out certain lines of evidence which indicate that 
in the particular area studied, there is no physical evidence of unconformity. 

It has already been shown that the uppermost beds of the Galena formation are charac- 
terized by thinner bedding with heavier clay partings. (PI. V, A.) These beds are ex- 
posed in quarries near Dubuque, and may be seen near Graf and at other points in Iowa 
and in IHinois. They have a thickness of approximately 30 feet, which is fairiy constant. 
They cany a distinctive fauna, particularly a ledge in which Lingida unoensU is very com- 
mon. Their base is approximately 30 feet above the upper Receptaculites horizon. The 
beds are not easily confused with the other members of the Galena section, and it is difficult 
to see how any process of weathering would give the lower lying beds similar characteristics. 

So far as observation goes, and wherever suitable exposures are available for study, these 
beds form the top of the Galena section. In the Dubuque mines, where it is customary to 
sink through a portion of the shale into the Galena, these beds are not so well defined as in 
the quarries, since weathering has not accentuated the bedding. Even here, however, 
certain other ledges are commonly and easily recognized at the usual distance below the 
shale, so that there is little reason to suppose that any portion of the Galena was renewed 
by erosion before the Maquoketa was deposited. The base of the Maquoketa is generally 
equaUy well defined. While, as shown by the two sections given, the same bed is not 
always present5 it usuaUy is. The bed most characteristic of the horizon is that found in 
the Hills Mill section, which contains fossils determined by Professor Calvin, as Cleido- 
phorus negUetuSf Liospira miculaf Pleurotomaria depauperatCf Hyclithes parviusciduSf and 
Cienodontafecunda. With these fossils are a number of small pebbles or pellets of calcerous 
material. These are the best evidence of unconformity. They indicate in conjunction 
with the lithologic change from dolomite to shale and the introduction of a new fauna, a 
certain readjustment of land and sea. 

It is believed that they do not necessarily indicate such a period of elevation, erosion, or 
depression as is ordinarily connoted by the term unconformity, but rather a change in 
shore line in some adjacent area, by which sediment previously excluded from this particu- 
lar basin was introduced. That this change was gradual rather than sudden is apparently 
shown by the increasingly thicker clay partings between the layers of dolomite near the 
top of the Galena. 

SILTTBIAir E0CK8. 

NIAGARA DOLOMITE. 

Name. — ^Above the soft shale of the Maquoketa is a body of fine-grained dolomite, carry- 
ing more or less chert. This forms the uppermost member of the stratigraphic section in 
the area. The beds in the lead and zinc district form only the lower portion of the great 
thickness and strata which have long been known collectively as the " Niagara. '' 

a Am. Qeologifit, vol. 5, 1890, p. 344. 

6 Iowa Geol. Survey, vol. 10, 1900, p. 440. 

cAm. Geologist, vol. 18, 1890, p. 366, vol. 19, 1897, p. 22, 
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Thicknesa and character. — The beds C4ip the mounds and the high escarpment which 
hems in the territon* to the southwoKt. A thickness of 1.50 feet is present'. TTie rone 
sponding l)ed8 have l>een studied in some detail in Dubuque County, Iowa, where the 
following section has l>een made out: 

General nection of the Niagara formation in Dubuque. County, Iowa,a 

Feet. 
7. T'ppor quarry IhhIs 20 

6. (Vrionit^'s ImhIa 25 

'>. FontHnn*rus b<»dH 50 

4. Sy ringoiKira ImkIs 65 

3. ChiTt-lH'arinjc ImhIs 25 

2. Lower qiinrry ho«ls 30 

1. nawl )hh\h 15 

Total 220 

In general tlie Niagara dolomite is lighter colored, fine textured, and freer from small, 
irre^ilar cavities than the Galena. It is usually not difficult to distinguish them, though in 
places it nnjuin's a knowledge of their fossils to do so. 

Within the mining district beds 1 to 5 of the general section are present. In the bounding 
escarpment the higher Iwds are perhaps present. The Niagara is not here an ore-bearing 
rwk. and it is of interest men»ly a.s limiting the district to the south and west. 

Fositiis. — The remains of organic life in this formation, as exposed within the mining dis- 
trict, an> not very almndant, but on the top of the West Platte mound three compound 
corals — llahjsites catennlatns Linnams, Fawidtf^ faix)9is Goldfuss, etnd Faixmte^ niagarerms 
1 lall -o<rur ratlier plentifully. (>n this mound there are also many casts of the brachiopod, 
Prntarnenifi ohlongna iSowerby. Tliese <x!cur in loose flint masses that probably belong to a 
horizon higher than the corals mentioned above, which occur in place in the dolomite. 

QUATERKAKT DEPOSITS. 

General diameter. — Tlie Quaternary deposits of the are* have been treated in some detail 
by ChanilxTlin and Salisbury-, b Calvin and Bain,<^ and Grant,rf so that only a few words con- 
(•<Tning tliem an» ne<'<»ssar\- here. 

The deposits include residual clays, which may represent the whole of Quaternary and 
possibly ft portion <>f Tertiary time: Wss, which in the main, at least, is of Pleistocene age 
and is to be correlated with the Iowa drift .sheet; terrace gravels and silts, which are of 
Plcist<Hen<» age and, so far as d«'finilely fixed, l>elong with the Wisconsin drift; and alluvium, 
which is post-Pleistocene, or Recent, in age. 

These deposits lie within the Driftless Area, and although both Sardesonf: and Squire 
have raised some question as to the entin* absence of glacial deposits in this area, it may he 
safely said that then^ is no sustained evidence of either local glaciation or the invasion of the 
area hv the fringing ic<' sheets. 

R(K\(liial chiy.- -Thv deei)-red sticky clay containing small pitK^s of chert and limestone. 
which may be noticed at many points below the loess, repn»sents the residuum from the 
decay of limestone and dolomites. Grant has calculated/ that 10 feet of this represent 100 
feet (»f preexisting limestone, and it is accordingly an impressive token of the large amount 
of erosion which the region has undergone, even if it is nowhere very thick. 

Lor.s'.f. -The light-buff earthy clay which forms a thin mantle extending from the ADs- 
sissippi eastward and from the edge of the drift to the river bluffs on the wt«t represents the 
loess. It has nt>t been restudied in detail, but there are no known reasons for doubting that 
it forms a portion of the general loess sheet of this region. It is significant in that it mantles 
the hills and valleys in such fashion as to indicate clearly that almost no erosion has occurred 

tlowa Gool. Surv'ov. vol. 10, 1900, p. 459. 

* Thn fJriftloss arouol tho upper Mississipnl ; Sixth Ann. Kept. TJ. S. Geol. Survey, ISSft, pp. 239-311. 
f^Ocolop}' of Duhiuffif County: Iowa Gcol. Survov, vo\. \0, \<*», pv- ^^VA"S». 
^liuJL WifK'on.sin Ceol. and I^at. Hist. Survey No. 9, V.Htt. pv- U-Vi. 

^SarfJeson. F. W., On glacial deposits in the dT\lt\es8 aT<»a-. Xm. G^o\o%^*X,No\.'Ks»^SK^,v&.^«R^^B^ 
^J^uJJ, Wisconsin Geol. and Nat. Hist. Survey 15o. 0, iwa, p. \%. 



GEOLOGIC STRUCrURE. 35 

where it lies as compared with the erosion that took place in the area before it was laid 
down. The dissection of the old peneplain by the present streams was almost wholly accom- 
plished before the loess was deposited. 

Terrace deposits. — Along the Mississippi there is a well-defined terrace, underlain by 
gravels and sands of glacial derivation. It may be traced up the river and certain of its 
branches connected with the Wisconsin drift sheet, and for that reason has been regarded 
as of Wisconsin age. It is possible that older terraces, representing earlier stages of the ice, 
are confused with it. 

Many of the streams tributary to the Mississippi have their sourc<^s wholly within the 
Drift less Area. The terrace occurring along them is acxjordingly underlain by material of 
local origin, laid down in quiet, ponded waters at the time the main terrace was formed in 
the Mississippi Valley. This material is a fine silt or clay, closely laminated. It is shown 
in the city of Galena at many point^s. Grant Park being located on the top of the terrace. 
(See fig. 1, p. 12.) 

AUumum. — In time of floods thci streams are now, as in the past, dcpKxsiting beds of allu- 
vium, so that irregular stret<!hes of bottom land are found along them fn)m their mouths 
well toward their sources. No attempt has been made to represent these areas on the map. 
In general they are irregular, and the streams have rock bottoms. Near Hanover the 
Galena dolomite occurs in the bottom of Apple River for nearly 2 miles below the point at 
which the dip carries it below the terrace. At Galena, on the other hand, Fever River, like 
the Mississippi, is running over a filling of Quaternary age. Opposite Dubuque the rock 
bottom of the Mississippi occurs at depths ranging from 405 to 452 feet above sea levelo, a 
fact that has been frequently interpreted as indicating a pre-Glacial or inter-Glacial elevation 
of the area. If this be the correct interpretation, the period of higher elevation was too 
short to influence the tributary streams any considerable distance from their mouths. 

In view of the large importance of scour, to which J. E. Todd has called att4>ntion,b and 
the evidently large volume of the Mississippi at certain times during the Pleistocene, it is 
possible that the depth of the valley is not a measure of an earlier elevation of the land. 

GEOLOGIC STRUCTURE. 
GENERAL FEATURES. 

General dip. — The rocks of the zinc and lead region have a slight dip to the .southwest 
Near Dodgeville the base of the Galena formation touches points as high as 1,120 feet above 
the se4i. In the southwest comer of the area 8ho\^'n on the Dubuque special sheet there is 
one local basin within which the .same bed goes down to 510 above sea. Near Highland this 
horizon reaches 1,160 feet, while at Buncombe it drops to 6(50. These figures would corre- 
spond to a general dip of approximately 25 feet to the mile, mea.sured in a southwest direc- 
tion, or of 15 feet to the mile fn)m north to s<^)uth. 

Local dips. — At various points the dip is much great<»r, and at a number of places amounts 
to SO feet in a half mile. Near Meeker's Grove then' is a change of elevation of 130 feet 
within a half mile, but this, l>oth in amount and degree, is unusual.' In n few instances very 
local dips of 8** to 10** have l)een ob.^erved, but these are by no m(»ans general. Differences 
of elevation of 30 to 50 feet are common and are very irregularly distributed. They n'sult 
in certain depressed areas or ba.*<ins, which, although irregular in form, are usually better 
defined than the intervening elevations. 

LOCAL FEATURES. 

TYPES OF BASINS AND ANTICLINES. 

While it has proved impossible, with the data at hand, to detect any system in the diatrl- 
bution of these undulations it is possible to discriiumate wv<>t«\ Vn^>s. C\ykv\V\\«c^ \^<i»^\x^ 
studied these in connection with the making of deta\\ed i\\bl\>5^ ol \\w, \>To^\3L<iNXN«^^ \v»v-g\<t\a>Vst 



fSorton, W. JI.. Iowa Goo\. Survey. voV. <S, \i«n > V- 'i^'^- 
*BuII. U. S. GeoL Survey No. 158, ls»ft,pp.\^»-^^»- 
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t)i4> WiHToiifiin Ctoolofpoal and Natural Iliaiory Survey. Upon these maps, supplemented 
by others inado by the IJnitwl States Geolo^cal Survey in the courae of the present studies, 
the stnictun> is shown by moans of contoun representing the base of the Galena fonnAtioD. 
Witliin the an^a sun-eyed f<»ur types of structures may be recognized: (1) Broad, ahiUow 
basins; (2) flat monoclines: (3) sharply asymmetric anticlines: (4) canoe-shaped basins. 
Tliest* are de.s<TilM'd and illustrated l)elow. 

Shallow basinM.—T\w Imsin in the Dodgeville area (lig. 41, p. 109) illustrates thistypp. 
It is a bn)ad, shallow basin 20 to 90 feet deep, 1} to 2 miles wide, and of rather indefiiiit4> 
lc>n^h and out lint*. If more data were available it is probable that the basin might be 
somewhat l)ctter defined on the map, but it none the less represents with fair accuracy a type 
that is common in this region. Similar basins may be seen on the other special maps, par- 
ticularly on the Mineral Point and Highland sheets. 

Flat ftionoditUM. CUymAy related tA) the broad, shallow basins are the flat monoclines, an 
excellent example of which occurs a short distance west of Shullsbuig, Wis. It is illustrated 




Vhi. I. -MoiifHliiio stnirture'Tioar Shullsburg, Wis. (After Grant.) 

in lijr. 4. The rocks hero dip to the southwest 50 feet in a half mile, then lie nearly horizontal 
for appniximatcly tlm>c-<|unrters of a mile, only to dip off to the southwest again 40 feet in 
a half niilc. Only the upp<T pt)rtion of this latter slope is sho\m in the figure. The broad. 
ilat iH'lt l)ct\vccn tlu^ two monoclines is not quite level, and, as is shoi^n by the closed con- 
tour, there is one shallow depression of 10 feet or more. It is this depression that links the 
flat monoi'line to the l)n)ad basin type already discussed. 

Aftijiu metric anticllms. - By accentuation the flat monocline becomes the asymmetric anti- 
cline of which the Meeker's Grove an»a affords an excellent illustration. (Fig. 24, p. 89.) 
This fold has a long, gently rising southern limb and a shorter northern one, of considerably 
steei)er dip. In al>out 2i mil(?s the St. Pet<T sandstone rises along Fever River from 818 feet 
to 900 alx)ve sea lev(»l. In the next quarttT of a mile to the north it descends 90 feet, and in 
tho half mile 130 feet. The PlatteviHe and OaAciva. loTm»L\.\oi\A wOiv xx?^ w«t ^ks* ««xtdstonet 
maintaining their usual thickness. This type oi ioVd \s commoxiVs^ V)(ic^ tx:^^«&. ^i&^\fiass^ 
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iDustrations of it can be found on both the i^)ecial maps. The amoimt of deformation is so 
great that such folds can be recognized in the field by means of ordinary sections and do not 
require the close structural studies necessary to recognize the others. 

Cance^^haped basins. — True canoe-shaped basins, miniature representatives of the Appa- 
lachian type, are present in this region. These are from 20 to 60 feet deep, from a half mile 




to a mile wide, and from 3 to 8 times as long as wide. They arc usually deeper at one ena 
than the other, and so are true pitching troughs. Such a b&sin is shown in fig. 5, ropre^sonting 
an area near Mifflin, Wis. Equally good examples arc not^^d o\\ \.V\^ \iv^\^<et\v,V\».^\.<^^^^'t, 
and Dubuque iheete, while portions of such basins are aVvovriv oxv \)T^\ac«J\n viSS. >0^^ ^xv«o^^- 
UwiBbe aoM UuU this type shows certain kinslup to t\\o \>To«id, A\«;X\o^' \>«^\x^s ^^^ ^"^ "^^ 
muDB tUBrnmin m wmy oomplementAry to the asymmetric atvt\c\Viiesi, 
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DlHTRIBiniON OP BA8IN8 AlID ANTIOUNKS. 

I'nfortunatoly tho detailed maps are not sufiBciently numerous to allow the relatioiuiof the 
basins in one area lo thos.- of another to bo di>termined, and the basim* themselves arf so 
H[nall and shallow that it is difficult to detect them except by most c«reful detailed mapping. 
The asynirnelrir anticlinea l)eing the more pronounced, can be to some extent located by the 
exix>siire8. In the early literature of the region much was made of these anticlines, or **ceD- 
ters of elevation," ils they were sometimes called. Both Percivalo and Murrislib devoted 
nuicli en«T>ry to their discovery. Chamljerlin has summarized and discussed these observi- 
tions.r and the n*adcr is n'ferred to his discussion for details. 

It is {MTlia{>s suthcient to indicate that the major structural axisof the region is agcnerally 
NNW.-SSF^ uplift . which runs a little east of the productive region, and that within the Ut- 
ter the most pn>nouncc(l stnictural featurt»8 have a general NEE.-SWVV. trend. The indi- 
vidual anticlines arc nut known to Ix' persistent across the whole territory, but seem to give 
place longitudinally to basins. For example, there is seemingly a structural ridge extending 
westward from Joncsdalc, passing north of Mineral Point and Mifflin about to Livingston. 
Fn>m this |>oint westward toward Anniston and Stitzer lies a basin with a ridge to the south. 
South of Mincnil Point a second ridge occurs, which may be traced westward about on the 
liiu' lM-twc«'n Iowa and Layfayette counties. Wis., to Platte River. Still farther west, on 
(rrani Kivcr. there is a basin with elevations to the north and south. The Meekcw 
drove anticline is possibly to W corn»lated with the outcrops of St. Peter sandstone, near the 
mouth of Platte River. At Eagle Point, near I>ubu<pie, an anticline brings the Platteville 
above the riv(M' level, but this elevation does not seem to extend more than a few miles 
either l<) the west or th<> east. 

All such iracinp* of u|)lifts and cumulation of structural features over the regions as a 
whole rest on v<Ty meap-r foundation and must be received with great caution pending the 
completion of additional stnictural maps. 

ORIGIN OF THE BASINS. 

The ori<rin of the anticlines and synclinesof the region has been discussed in some detail 
by ( 'haiiil)eilin.'/ He reached the conclusion, with which the author fully agrees, that they 
were (hie to th«' conditions of d<"|>osition modified in part by deformation due to pressure. It 
is pns>il)lc that ji thinl fa<tor may 1h' worthy of consideration — namely, setthng incident to 
the coiisoHdation of the Iwds. For ccmvenience in discussion, attention may be wintered 
upon the Im-^ins or >yn<lin<»s, the ridges or anticlines being understood to stand in antithesis 
t«. the^^e. 

linsins nf sninm ntatiou. .Vs nt)ted in the description of the formations, there are sev- 
eial unconfunnities in thi> area. At the bas<» of the^St. Peter sanditone, to go no lower, isa 
maiked unconformity. antl when deposition of the sandstone began there were local inequal- 
ities of the sea l)ottom of 70 to .S() feet. There is a tendency in sedimentation to perp«»t- 
uatc ha>^in< already formed, a phenomenon of which the permanent of the ocean basins is 
itself an example. Smaller basins down to tin* .smallest .show the same tendency. Whether 
or not it is manifested in the overlyinj^ s<'diment,s depends on many factors, including the 
character of the Ix'ds, their thickness, and the .sjM»ed of filling. Local irregularities of the sea 
bottom may l)c completely t)l)literated in any jriven period of deposition, but, on the other 
hand, they may be per|X'tuated throuj^h a considerable thickness of overlying sediments. 
In the upper Mississippi \'allev the basins present at the beginning of St, Pet<?r deposition 
s<»em not to have Ix'cn entirely obscured by th<' deposition of the sandstone, so that at the 
b(»j:innin{i: of I'latteville time there wen* numemus irregular and very shallow depressions. 
If there was any erosion between the close of St. Peter and the lx»ginning of Platteville time, 



a PoHMval. .F. (I., Ann. Uc|»t. (ieol. Survey Wiscon.sln. isTw. pp. 22-27. 
ft hUirrish. ./olin. Report us Commissioner tot iVve tiurvcy oi the Lead District, 1871. 
fdoolopv of \M8conain. vol. 4. 1882, VV- V22-A3a. 
d Ibid., p. 42i) etscq. 



GEOLOGIC RTRUCTTTRE. 39 

liese basins probably would bavo been deepened and the inequalities of the surface accen- 
uated. The same principle applies with regard to the contact between the Galena and the 
Platteville, and it is inherently improbable that the Galena at its beginning was deposited 
ipon an absolutely smooth and level surface. Inequalities 'of some sort must have been 
jresent. It remains only to inquire whether there is any evidence connecting the present 
liructural basins with the probable original ones. 

A study of the sections already given shows that there was at least some difference in the 
character of the sediment within and without the basins in early Galena times. The con- 
trast between the Darlington and Platteville sections is instructive in this connection. In 
bhe Platteville area there is thick oil rock, and the sections show considerable thicknesses of 
ihale. At Darlington there is almost no oil rock, and the shaly beds that mark the base of 
the Galena at Platteville are replaced by massive dolomite. The Platteville sections are 
within one of the structural basins. The Darlington section does not seem to be. Tlie 
same contrasts may be observed between the Eagle Point and Spechts Ferry sections. 
This difference may be due, as has been suggested, to the fact that in one case certain beds 
are dolomitized, and hence not easily recognized, which at other points are unchanged. 
This would not, however, account for the difference in amount of argillaceous matojjal pres- 
ent in the shales of the basins and absent elsewhere, so that there have been at least some 
differences in sedimentation. Not only is there more argillaceous matter within the basins, 
but it is there that the greater amount of oil rock is present, and this indicates the local 
accumulation of plant remains not found outside the basins. Mr. Ulrich fmds corresponding 
faunal differences in the basal beds of the Galena. 

At higher horizon.^, as already pointed out, the same life zones run through both the dolo- 
mitized and undolomitized portions of the Galena. This fact is not necessarily inconsistent 
with differences in the basal beds, since at the time the higher beds were formed the original 
inequalities may have largely disappeared. 

These differences in amount of argillaceous material, in abundance in plant remains, and 
in faimal facies of the basal beds warrant the inference that deposition in early Galena time 
occurred in irregular, partially disconnected cmbayments or basins, or that there were cer- 
tain shallow irregular areas on the ocean bottom in which sedimentation was peculiar. 
Granting that the water itself was shallow, it is likely that the showers of algae, whose 
remains especially characterize the oil rock, would be swept into the slightly deeper basins 
by currents and would there rest. This hypothesis does not, however, offer any adequate 
explanation of the greater amount of shaly matter present in such places and largely absent 
elsewhere. 

If, on the other hand, these basins Ik* considered to represent drowned river valleys only 
partially filled by Platteville sediments, or embaymcnts at the mouths of the rivers at the 
local beginning of Galena deposition, the presence of shale, betokening mechanical sedimen- 
tation, in the midst of limestone and dolomite due to organic and chemical d(>p>osition is 
MM&ly explained. Mechanical sediment is to Ix* expected in greater ubundanco at the 
mouths of rivers than elsewhere, since a slight change in the attitude of i\\v land far 
toward the head waters of the streams would give the rivers teniiwrary cutting power and 
increase their load of mechanical sediment. Through most of Platteville Hud Gnlena times 
the land was apparently at base level, and chemical rather than mechanical deposition was 
the rule. The interruption of these conditions shown by the slmly IhhIs was temporary only, 
as limestone-forming conditions and dear water stK)n recurred arid prevailed throughout 
Galena time. 

While it is seemingly impossi])le to demonstrate this hyi)othesis, it may Ik- pointed out 
that it offers also a ready explanation of the long, narn)wfomiof most of the basins, and it 
is perhaps significant that the basins having most definite form have trends ranging fnmia 
little north of east to true northe&st. It is in this direction that the land (rvww ^V\nrVx vVsr 
material was derived probably Jay. The breaking up ol vXws*^ v;\\t\^' c\t^ovs\osi\i^s.\o^» i 
9 of dtBoaoDected basins is probably due to sVig\\i cross lo\*^[vt^. 
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Tli(> hnmd. hIihIIow IwiMiiiH (if int'gular outline maik appareDtlj le« pronounced orifnnil 
troii^hn. Tlir fart that oil nK*k and tho basal Hhaly layers of the Galena are well developed 
only in u[i<l anxiiid the iniiu^s lins aln*ady l)een fltated. An examination of the ac<x>mpany- 
'u\)l ina(»s sliows that prartically all the minen are in the basins, and these facts £«emto 
siiiricicntly ('o[inrrt the di^fMwits with initial ine(|ualitiefl of the sea floor. 

/iiiftlns of roiiMtJ'ulat'um. St'diniontH as deposited are rarely dense. They contain mufh 
n\H*\\ v;|)ar<» and an' siiso«»ptihl<* of ronMiderahle compression. This is truer of some sorts of 
scdinif[its than others, hut o\'i*\\ in facial till it has lx*en shown that normal consolidatioo 
is cnoiiiih i«) Irad to the n*surnH*tion of rivers blotted out by a glacier and the reexcavation 
of valh'vs hnrii'd )M>[icath a hundn>d fwt or more of drift.a Shalm and coal settle even more 
in thr f)nMTs.s of ronsoHdatioti, and the amount of this settling has been measured and its 
intlucnco <in suct'Cf'din^ fonnations studied in the case of ooal in particular.^ It hafl been 
found tlmt in many roal niin(»s where mountain-making forces have not complicated the 
ronditions the thicker coal hes in certain irregular channels or basins bordered by thinner 
roai. Toward the ed>;r of the basin the coal rises and at the same time thins, and there w 
a fairly constant i-atio U>tw<>«'n the amount of the rise and the decrease in thickness, ranging 
from I:U» to I:I(). Thes?- fa<'t,s an* explained as due to deposition in initially irregular 




Contour intervat 10 ft. 
I'i«i. «".. Sfnu'tiip -contfuir iiuip «»f iui arfti noar Miflflin, Wis. (After rinuit. ) 

l)j>-iin> nmplcd with uMeijinil srttlinj: <hu- to the greater compressibility of coal than rrn-k. 
Tliis srttliiiL' prodiHcs a hasjn in the ov<Tlyin^ nn'ks if they lx» soft and yielding, as is shale, 
or <«iiM's fnictiircN an<I faults if tlu-y W hard and unyielding, as are limestone and sandstone. 

'P1h"<«' facts an- >iimiricaiit in tlie |)n's<'nt ('(HHRM-tion since it is l)eliev©d that bituminous 
shale uiul('i«roe^ the same «haiii:es as do<'s <'oal, though to A less degreee, the dilTerence being 
due tn the smaller amount of oriranie matter in the shale. The oil rock found in the Iwsins 
of the zine di^^triet contains now from one-tliird to one-half bituminous matter, and so may 
he assumed to lia\<' sulfered (-ompn'ssion in the j)nK'ess of consolidation, amounting to one- 
third to one half that of coal. It may accordin<;iy In- assumed that 1 foot of oil rock was 
<»ri^inally e(|ui\ alent to a bed of inu<l and de<-om|K)sing organic matter 3 to 8 feet thick. 

It is diflicnjt to make stn-e of the thickness of tin' oil nx'k its<»]f. since the shale is often dis- 
trilnited in thin hands through a consi<lernl>le amount of thin-l)edded limestone. Bands of 
oil rock alone VI to lSinch<>s thick are not \incommon, and a minimum thickness of 2 to 
.'i fe<»t of hitmninoMs shale would probably not l)e t<H> much to assume. Tliis would be the 
<'(|Mivalent of H) to *_M feet of «»riginal material, and its compression to it^ present thickness 
would Ik» enough not oidy to lead to extensive fra<-(uring in the l)eds alx>ve, but to accen- 
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tuaU< in an important dogree the ori^nal basins in which the depoflition took plac«. It must 
be said, however, that such thickness of oil rock is not common, and an &<«umption of 1 to 
2 feet, with corresponding settling of 2 to 14 feet, would be much more nearly correct. 
While this would still be enough to fracture the beds above and accentuate the basins, it 
would hardly account for any but the shallower ones. 

It is important to observe that the oil rock, although practically confined to the basins, 
is very irregularly distributed within them, and it seems much more fitting to regard this 
consolidation as an explanation of the minor sags which are a constant and striking feature 
of the mines than as an explanation of the larger basins themselves. Since, however, the 
patches of oil rock are practically confined to the basins, it should be noted that consolida- 
tion, so far as it might be effective, would work with rather than against the h3rpothcsis of 
initial basins of sedimentation. 

Basins <yf deformation. — It may well be doubted whether the factors so far discussed are 
alone adequate to form such basins as occur. The sharp definition of the basins and the 
amount of vertical discordance seems to necessitate a belief in at least some deformation. 




Contour interval 50 feet 
Fio. 7.— Stnicture-contour map of an area near Masontown, Pa. (After Campbell.) 

In figs. 6 and 7 are shown structure-contour maps of two areas, one within the zinc and 
lead district, the other in the coal-mining district of western Pennsylvania. The two maps 
are on the same scale, but that of the Wisconsin area shows contour inter>^ais 10 feet apart, 
while the Pennsylvania map shows 50-foot intervals. None the less there is a striking simi- 
larity in the structure of the two areas. This is heightened when, as in fig. 8, the Pennsyl- 
vania map is reduced to one-fifth it« original scale to give apparently, not actually, the same 
interval as the Wisconsin map. 

The Pennsylvania structure is explained as due to deformation produced by lateral com- 
pression, and in the absence ot evidence to the contrary it seems projjer to consider the Wis- 
consin structure an expre,ssion of the same sort of foR'tes. Lateral compression, acting on 
the C^alena dolomite between cushions formed by the .soft Maquoketa shale alx-'ve and the 
shaly limestone beds at the top of the Platteville, would tend lo IVvtq^ \V \w\a> '»>. ^^>i^ v^ 
gentle folds. To some extent the Platteville, cusYuoncd \>>f VW ?«A\, ^\..^^Njsj^ .?.^vv^^vj^^vi., 
would Bceommodate itself t«) those folds. The PValtov\\V>,\\o^^N^T,\«^Tv^vs^>^^>^V«^^^^^^ 
gdoeouB, would be m&inly deformed bed by \x;d rather iWu »a «l vj\ioVi. 
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'nic liM'iiM of tlii> iM'ntlinfr in thi* (iaieim Wfxild l)e dpti^rmined by tlie original inequilitm 
(if tli(> U-(ls. us witH loii^ a^» |N>int«'<l out by (liAinlipriin.a in a dif«*umi<m of thij} rvfrinn unA 
IttttT foniiiilHti-tl Hs H P'IiithI Ihw by Willis^ in his Htudiea of tite Appalachian^. The 
(icfonnutioii !<> thon*fon' to Im* thou^it of as nH^ivly nomewhat int4»nMifyinf;( prpoxiHtin^rur- 
vatiin> in the (x^ds. in the iipp«>r MiwiiflRippi Valley thiH intrnnification luw cWdentlv bwn 




I'K.. s. stnirtun-HMintour mjip of th»' Mji<iitnt<)\vii. I'm,. (|im(lrHnp:1(>. f Aftor (*ampl»ell. , 

sH^lit. whilr in tin* AppalarhiaiN it liii-^ Imtm so f^R'at as aliiu)st to obm'un» tho initial ino<iuaIi- 
tit's. In iIh" zinc and Irad ciistrici dcfonnation has Ix'cii at a minimum. A ralrulntion 
haH'd ufMHi a S-iiiih" s<Ttion from north to s«iuth atro'is the Mifflin un*a -tho an»a showii in 
fi«r. (> was nia<l<' hy Mr. A. W. I^'wis, wliicli indi('at«*d a t«»tal <'rustal shortcnin{r of 1.58 feet, 
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equivalent to 0.52 foot per mile. A similar measurement of 3 miles of the Pennsylvania area, 
shown in fig. 7, resulted in a corresponding figure of 3.92 and 1.30 feet. In closely folded 
areas of the Appalachian the crustal shortening is currently estimated at 5 to 10 times this 
amount. 

FAULTS AND FAULTINQ. 

In the early studies of the region there was cx)nsidcrahle discussion of faulting, hut the 
careful explorations made first by Whitney and later by Strong and Chamberlin failed to 
show any important faults, so that recent opinion has settled down to a belief that they are 
absent. W. P. Jenney,** who visited the area about 1892, and W. P. Blakeb are the only 
recent observers who have reported faulting to be present. In the course of the present 
survey careful search was made for evidence of faulting, with only negative results. Dis- 
placements of 2 or 3 inches were found at a few places, but these represent a maximum. 
The cases cited by Percival seem, on the basis of exposures now available, to be due rather 
to folding than faulting. Other apparent faults are more easily explained as th(>. result of 
the unconformities already discussed. The instances cited by Blake near Shullsbui^ are 
believed to be examples of the irregular downward extension of dolomitization in the 
Galena formation. Massive dolomite and thin shaly limestone are found, it is true, at the 
same horizon within short distances of each other, but so far as observation go^ there is no 
evidence of a fault plane between, and at higher horizons the same bed may be traced across 
from one point to the other. The same phenomena have been seen at .so many other points 
where this is manifestly the correct explanation that it seems unnecessary to call in another 
here. 

Jenney has suggested that horizontal faults are present. Such faulting is difficult to 
recognize, but it is believed that he was misled by the offsetting of joint planes, due to the 
tendency of stresses to seek relief along the crevice already present.^ Most careful and pei^ 
sifltent search, extending through several field seasons, has so far failed to develop any clear 
cases of faulting of consequence. There are certain general facts relating to the under- 
ground waters of the di.strict which render it extremely improbable that any such faults are 
present, and the writer is therefore constrained to believe, with Chamberlin, that the beds 
are practically unfaulted. 

JOINTS. 

Both vertical and pitching joints occur within the region. The best developed vertical 
joints trend approximately, but rarely exactly, east and west. A less prominent set of 
joints runs at right angles to them, and these are locally called " north-souths. " Quarti*ring 
crevices also occur and in individual areas may be more prominent than the main sets. 

Pitching crevices cross the beds at angles of 45** to 60° and strike at all angles. In the 
ndnes, just as the east-west vertical crevices are most often open so the pitching crevices 
parallel to them are apt to be conspicuous. In individual mines, however, the pitching 
crevices may be traced completely around three-quarters of a circle. 

Both the vertical and pitching joints are excellently developed in the bluff at the ea.st end 
of the Dubuque bridge and are illustrated in Pl.V, B, from a photograph by Grant. The 
fine lines running diagonally from right to left represent the inclined joints. The vertical 
joints are here more widely spaced and loss regularly developed. Tlie wide spw'ing is char- 
acteristic throughout the district » but the irregular development is not. It may be noted 
that in this view, contrary to the ordinary nile, no set of joints is devoiop<'d ut right angles to 
the inclined joints. Such a set is, however, present in the area and is well displayed about 
150 feet north of the spot sliown in the view. So far as observation goos these two si-ts arc 
developed normally in proximity, but not in inunediate juxtaposition. lietween the two 
here, as in the mines, tfiere are two or three wi^ll-defmed vertical joints. 

The pitching joints are best developed in the lower portion of tho Galc^na formation and 
are relatively rare above. There are some reasons for thinking the pitching joints aw cxUiftx. 
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tlmn tht* v(>rtir4i]. but thr evidence on this point is not oonclusive. Both nets of joints are 
ex<vllc'ntly dispiHycHl in the MimiflRippi River bluff in the southern part of Dubuque. At 
<iiii* or two plarrs Jien- it was ohHerved that vertical crevices were deflected wherp they 
<:n).ss«'<i pit<hiiiK rn'vicrs. Tliis is int4^>rprpted as indicating that the pitching crevice, being 
pn's«*!it when the vertical whs fonnw!, partially relieved the strain. 

The iiripn of tlio joints is not altogether certain. TTie vertical joints can be best explained 
as (iiir to thr drfonnation wliirh produced the folding, since the more important ones show a 
p'ncral relation to the folds, running either parallel or at a right angle to them. The most 
prominent joints in the vertical stories at any one point are apt to be those best situate to 
s««n'e a«* tnink channels to undei^^^ound circulation. At Potosi the main crevices have a 
nortli west -southeast course, while the Iai^*r structural basins run in an opposite diiwtiitfu 
It is )M>li(>ved that this is due to the cn>vic(*s having been rendered prominent by circulation 
of };routi(l water. Minor cn*vices parallel to the structure are present. 

ChajnlMTlin" was disposc>d to p'fer the formation of the pitching joints to the same 
agency. Tliey cl*> not, how<'ver, aoeni to show that close relation to the folds which such a 
refen*nce retpiin's. In considering their origin account must be taken of the fact that tliore 
an' evidently two <liiren*nt sorts of such joinU present in the region. In the vicinity of 
I*otosi then* is a very small hut verj' sharp little thrust fold, illustrated in fig. 45. ParaUi-l 
to the (Test of this atiticlin<' an» si'veral well-developed joint planes or cn»vices which oitch 
outward fn>m th(» fold. Thes<» occupy the position, with reference to stresses, of the cre^-ices 
(ieveli>|K'(l by (i. F. IWker in his experiments on schistosity and slaty cWa vage,ft and tlic 
exf)lanation offenMl by him is entin'Iy adequate for them. Similar creviivs on a small sn'ale 
liave IxM^n notic(><i in th<> mines hy (\ K. IjtMth, and ii is not improbable that they are present 
t hroutrhout tlu' n-^ion. Thes«» (-n-vices an' dilTerent in several particulars from the ordinan' 
pitches of the mines. The most striking and important dilTerence is that the inclination of 
the cH'vice at Potosi is toward the basin, while it is a universal rule that the pitches of tht" 
mines incline outward fnnnthe basin or sag in the mine. In the second place, these crevices 
prrallel a thnist anticline, while in the mines the thrust phenomena are at least unrecog- 
nized, and the pitches .strike in all dinK'tions. In this coimection it is interesting to study the 
map of the area adjacent tn the Iloskin and Kennedy mines at Hazel Green, shown in PI. X. 
On this map Kllis has traced the undergnmnd workings and the pitching joints. To this has 
Imtii a<l(le(l thr stnictural <*ontours as l(K'at4>d by Grant. It is difficult to see hero any rela- 
tion U'twccn the pitchinj: crevices and tlie stnicture. A similar map of the Potosi district 
and stujlirs of other an'as confirm the conclu.sion that there is no relation between the two. 

On t lie other hand, the relations of the pitching crevices to the minor sag, seen continually 
in the mine , is very definite. It i-^ a rule having a few exceptions that the floor of the mine 
rises to the j)ilch and that on <'ither -;ide of the sag the crevices pitch outward. This would, 
it M'cm>. warrant the n'fcrence <if the pitches to the same agency that caused the sag, and 
they arc. in fact. U'lieved to Ik' an expression of the .settling of the rocks due to decrease in 
hulk of the oil rock. Anyone examining; the ordinary cross section of a typical sag and 
pitclu's will notice the rest'mhiance of the fractun's to those produced in a brick wall, where, 
for example, a window frame ha> failed to support its load. The pitching fractures in this 
<aM' arch iipwanl over the s<*tile<l |)ortion, following in part the mortar joints between the 
brick ill a manner strictly analo^rous to the flats and pitches in these mme.<). Fractures of 
of the Mime soit may In* found in the r<M)f shales of coal mines where the load is not fully 
supported, and arc. in fact, characteristic of such .situations everywhere. 

Fractures formetl after thi-< manner .should follow in strike the outline of the settled mass. 
They should approach as they ascend and should finally form an arch whose heiglit is depend- 
ent u[)on the streuixth of the nnitcrials, the width of the area affected, and the amount of the 
setflin*:. They do not reqiu're the formation of a corresjx^nding set of fractures diverging 
iipwiird, iL<i they would if ihoy wen* fonnedby verv\ca\pT«^v)iT<j «btt«!.tm^the whole thickness 
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of the rocks. They may have heen formed any time after the rock became firm enough to 
fracture, and they may continue to form as long as the oil rock gives off gas and oil. The 
settling required to produce the fractures is not greater than the amount that is theoretically 
possible as a result of decrease in the bulk of the oil rock — indeed, it is not so great as this 
amount. The many peculiar and close relations of pitches, flats, sag, and oil rock are all 
explained by this hypothesis, and the explanation is so complete that it is believed to be a 
true and important one. 

AGE 07 BTRTrOTTJBAL FSATTTBEB. 

That the general deformation of the region occurred after the deposition of the Maquoketa 
shale is shown by the fact that contours drawn on the base of the Maquoketa, as in the 
Dubuque special map, show the same sort of structure as when drawn on the base of the 
Galena. Presumably this is due to the Maquoketa participating in the folding. That it took 
place before the peneplain was cut is shown by the fact that the folds are beveled by that 
plain. Between these two periods there was a long time during which in adjacent areas 
deformation occurred. At La Salle there is evidence of folding, both before and after the 
Carboniferous,a and it is not unlikely that the zinc and lead region came under pressure more 
than once. Since, however, the crevices were not opened and the chain of operations which 
produced the ore deposits set in motion until the peneplain was cut, the exact date of the 
deformation is for present purposes unimportant. 

GEOLOGIC HISTORY. 

The geologic history of the region has, in the main, been given in the discussion of the for- 
mations and the structure. A short r^sum^ may, however, be helpful. The strata in tliis 
- area record a number of long periods of sedimentation. These periods included portions, at 
least, of Cambrian, Ordovician, and Silurian time. The history of the district in pre-Cam- 
brian time is not very definitely known, and it can only be said that at some time in it the 
area became land and remained above the sea for a very long time before the first sediments 
of the Cambrian were laid over it. At some time in the Cambrian, probably in the middle, 
this land sank beneath the ocean waters and sedimentation began. Except during certain 
intervals, the sea then retained possession of the area until the close of the Niagara epoch, and 
possibly longer. At different times parts, at least, of the area wore lifted above the sea and 
and deposition temporarily ceased. Of these intervals of nondeposition the most significant 
from the present point of view are those which preceded and followed the deposition of the 
Galena dolomite. The evidence of these periods of nondeposition has already been stated. 
The first prepared the way for the original deposition of the zinc by forming shallow basins 
adapted to peculiar sedimentation. As these basins became filled the sea spread in a thin 
sheet over a shallow semiinclosed offshore area to which the sediments did not penetrate and 
in which evaporation was unusually active. Organic remains slowly accumulated, and as 
fast as they were formed were altered by the action of the magnesia in the overlying sea 
water. Eventually the basin may have become entirely filled or cut off from connection 
with the ocean-and the whole of the remaining w^aters evaporated. On the other hand, the 
basin may have become very shallow only before the influx of the muddy water from which 
were deposited the lowest beds of the Maquoketa. With that incursion the dominance of 
the sea was reestablished. 

Whether this area was ever covered by the sea after the Niagara dolomite was deposited 
is nut certain. In the adjacent regions there are small outliers which have lx>en found to be 
of Devonian, Carboniferous, Cretaceous, and |X)ssibly Tertiary age, and it is not impoa-jible 
that beds representing some of these* periods may have once covered the Drift less Area. 
TTie next period, however, of which there is definite record was one of erosion, as is iw«A<^ 
evident by the peneplain already described as occupying mucY\ oV \Xvfe ^?»\xv<l\., 'Y^m^ 's^^vsv, 

acrddeo, J. A„ Geological section across the northern part ol mVnoVa; U^ipX. WJi^sioV&^c^m^^^^'^^' 
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wliirh cuts arnisM Mift Nfa<|U(>keta Nlmlc and hard Galena dolomite alike, inai^ a time during 
which the land whs stahle sufririrntly lonp for tlie Htn^ains to rpdiire to a fairly even plain 
nil th«* tcrritnn' cxtciidiiiK fniiii the nioiinds far t(» the north. 

The Hp> of thi^ |M>nfpluin is not definitely fixed, hut there an^ reasons for l^elievinj; that it 
n'pn>sents the closing staf^e of the Tertiary'. Tlie epiM^h in wliirh it waM formed was tenni- 
niited )iy an uplift . aceoiupanied hy a tilting to the Houth, and the wide iTieandering stream* 
Im'^hii in cut their rhanneU down int<i the pi^neplain. Tlicy are still en^^aged in thu task, 
and. Ml far as the evitlen***' of this immediate territ<»rk' ahows, the work has been uointcr 
nipted. At times durin^r the <H*ru{>ation of the Hurrounding region hy ic^ the MintiH^ippi 
('Hrri<'<l uii un'.isiiiil amount of wat^T, which raased it to widen it^t valley and to truncate the 
salient*^ hctweeii the tiihiitary stn>ams. With the n>tum of normal conditions of volume 
it wa>« UMahle to carry the material with which it waM h»aded, and mi constructed the ter- 
race u|M>n which j)art*i of Diihuipie and many other river towns are Imili. At the 
sume time, in the {N>nded lower |>ortionsof the tributar}* streanui, silts were deposited te 
an e(|uivalent level. The tipjM'r |M)rtions of the stn^ams were unaffected, and to all appear- 
ances nothing: ha^ disturU'd them since the uphft of the peneplain. If, during Pleistciceiie 
time. iIm-H' wen' elevatit>ns aiul de|)n'ssions of the an'a, they were sonligiit or of such short 
dtiration a.s to leave no mark on the courses <if the streams. 

ORE DEPOSITS. 
(JKNKKAL C'IIAKA('TER. 

The on»s of the iipjHT Mississippi Valley an* zinc on»s. made up largely of blende and isih- 
oniir».it<'l\ of >mith.s.>nite. with iioiiargentifenms s<»ft lead and iron sulphides. They are 
ilisfiiijruished for flic simplicity of their minendogic composition and for their t)ccurrence in 
injMJtcn'd.flMf-lyin^ dolomites and limestones far from any known igneous rocks. Infonnthe 
oH's iM-cur in vertical cn»vices with o|K«nings, in h<meyeond) runs, in pitches and flats, and in 
thin. llMt-lyiii«:.(iis^>nnun!c(l UKJics. Mi»st of the on> shows crustific^it ion and cry.stallization 
in i)iM«n I'.ivitio. hut mctu^oniatic replacement also has <K'curred. Tlie (»re Ixxiies are dosi'ly 
rclMtcd to certiiin vcr\ -hallow sirmtural basins. Ivlieved to lx» depositional in origin, andt<» 
ccrt.iin -hail' Im'cIs known liM-ally as oil ro<k, which contain a large |K»rcentage of fossil gum 
f<»iinccl fi«un ininufc unicellular ali^a'. The pn's<Mit on* Ixniies ftn» Ix'lieved to n'present 
nict.-iilic -ulpliitics th.it were ori<:inally <liss<>ininated thn>ugh hx'al aretis of the Galena doK^ 
niitr :in<l cniHrntiMtrd. probably in late Teiliary or |>ost -Tertiary time, by the action «f 
(If-^crudinL: surfinr \vatcr>. The ores njr typically s<'digenetic.« 

COMPOSITION. 
VEIN MATERIAL. 

The on-s of the upper MisNi^sjpj)! \ allc\ ;irc relativ<*ly simple in composition. Tlie com- 
plex -ulplii<ics ;iiui many ot* the ir.inirui' mineraK found in the zin"-le«d ores of the Rocky 
Mountain rc^non arc pra<ti(aliy ab>«'nl,and iusteatl «)f n wide variety of country nx'k.tmly 
dolomite, shale, and limrstnnc need be taken into account. IVspite these facts the vein 
material as niincd and -ent to the coia'entratin}j mill or picking table Is far fnnn consistiiur 
only nf the ore mincraK. F<»ur clement^ nnist 1h' ^iistinJ:ui•^hed: 

( 1 I I'iecr- <if ri»untry r<Mk intimately mixcil with the on* in natun' or broken off in thf 
prtK-es^ <if iuinin«i. TIu'm' iinhnle fra^rmcnts of dolomite, limestone, and shale. 

CJ) The original nu'tallic minerals, consist inj: of j^aleiia. blende, inm sulphides, and cludco- 
pyrite. Thes** are the most important ore minerals and it i^ customary* t4) speak of leadon»s. 
zin<' <»res. sulphur ores, and copper ores accordin*: as the one or the other is the prepondenint 
mineral. The first thre<* are now iM-inir niined. ('op|H'r is n«»t now ship}M>d and the copi)er 
fonnerlv si-nt out from the <listrict si'cms in the main to have lx»en derived from alteration 
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products of the chalcopyrite. The minerals of this group are called the original metallic 
minerals because they represent the oldest form in which the metals are believed to have 
been combined. Mucli of the galena and blende in its present position is doubtless younger 
than other bodies of alteration minerals and may have been several times altered and rede- 
posited. 

(3) Alteration minerals. The original metallic minerals have been changed in the process 
of weathering from sulphides to sulphates, carbonates, and oxides. Some of these have 
probably in turn been changed back to sulphide but others remain in their altered form. 
The most important minerals in this group consist of smithsonite, ccrussite, limonite, hema- 
tite, malachite, and azurite. 

(4) Oangue minerals. Aside from the metallic minerals and their alteration products 
there are certain earthy minerals in ores which it is customary to distinguish as gangue 
minerals. In the upper Mississippi Valley the important gangue minerals are calcite, dolo- 
mite, barite, and gypsum. It may be noted in passing that aside from calcite none of these 
are abundant, and the small amount and simple composition of the gangue is a striking feature 
of the ore deposits of this region. 

OOXniTRT EOOX. 

Oalena dolomite forms the most conunon country rock for the ores. Its usual facies is a 
granular dolomite, blue where unweathered, and brown where oxidized. It is coarse tex- 
tured, and where fresh shows small, irregular cavities, which are believed to represent the 
shrinkage incident to the change from limestone to dolomite. Where weathered it is rough 
surfaced and sandy in appearance. It breaks down into a loose sand consisting of individual 
dolomite crystals and fragments. In the upper workings this sand is so abundant as to be 
easily picked or shoveled aside and in places shows true cross-bedding due to rearrangement 
in the crevices and openings by moving water. There is often not enough clay in the mate- 
rial to make it plastic when wet. 

Analyses of the rock have already been given. They show it to be a normal dolomite. It 
contains a small amount of organic matter, as much as 1 per cent being found even in rock 
relatively light-colored. a In the lower darker layers much more is present. 

According to Whitney ^ the rock also shows traces of the alkalies, of chlorine, and of 
sulphuric acid. Since much of the rock near the mines contains small quantities of minutely 
distributed galena and blende, it is possible that the trace of acid is derived from them. 

It is customary, particularly in the vicinity of Linden and Mineral Point, to recognize cei>- 
tain beds near the base of the dolomite as the "green rock" and "brown rock." These 
where examined were found to be the normal sandy dolomite, the color being probably due 
in the main to the particular form in which the iron is present. It Ls not improbable that 
some of the brown rock Ls colored by organic matter similar in origin to that of the oil rock. 

In the middle portion of the formation flint is abundant, and in the ore bodies found in 
these beds it accordingly enters into their composition. In the k>wcrmost beds, shale and oil 
rock occur, and these in turn become elements of the ore bodies. In certain places the beds 
of the galena consist of limestone rather than dolomite. 

In dolomite the ore minerals occur freely crystallized in solution caviticS, cementing the 
fractures of the rock either in place or in tumbled heaps, and tis nietasomatic replacements 
later to be described, ^\^lero the dolomite containing meUisomatic-ore minerals weathers 
down, the clusters of crystals and crystalline masses are found in the resulting loose sand. 
In the shales the ore occurs in small, irregular individuals and clusters of crystals. In the 
limestone the fractures are usually small and irregular. The ore minerals here act as 
fillers. 

In the Platteville formation the ore occurs either in shale or in limestone of the peculiar 
type already described as ** glass rock." In the northeastern portion of the area the glass- 
rock beds are magnesian and in places have been converted into dolomite. 

aWeem«, J. B., An&lyaes Eaplc Point Umo rock: Iowa Qeo\.\iMTN^'SiNvA.\ViA'«*^>V«^«^- 
^Oeol, Survey UUnola, vol. 1, inm, p. 17a 
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Ttio orf> ft Hind in the Piuirip du (liion w cnnfiiiMl to the dolomite Uyera and oocura in part 
in di.sNiMninat<>d fonn. 

In the Mu<]U(>k4'ta blend<> has bf>«*n fiNind at one point in snail acatterod dnuwii in oerUin 
dtiloniit«' Iiiwix. 

THX0BX8. 

T)it> inincrals which onttT into the composition of the oree or which are aaaodated with 
th<*ni hav«' IxH'n dt'srrilMKi in some detail by Chamberiin.a Interesting additional details 
have Uxm ^ven by Li'onard ^ and a crystallographic study of the more common ones hta 
Uhmi nia<l(> by II(»bl>s.<' Fn>ni theHe wmix^es, from standard text^books and from field 
(>l>s(>r\'at ions, the following brirf d(>scription8 have been prepared. It is to be regretted that 
no complete niinoralogioal study of the ores of this region has ever been made. 

ORKIINAI. METAIXJC MINEBALB. 

GaUiM, -(P1>S; lead, W.^i per cent: sulphur, 34.4 per cent; specific grsyity, 7.4 to 7A) 
Cialrna is tlic only imp<>rtant lead on' of the district. It is also known as galenite or lead 
siilphicie, and tlio miners usually term it **mineraI"or "lead." It commonly occurs in 
rrv^taLs or clusters of er\'stal<. which usually show the form of cubes and less commonly of 
(M-taliedrons. Sometimes a (combination of these two forms is seen, and Hobbs has noted 
iixKlificntions due to the pn*sence of the rhombic dodecahedron. Skeleton growths occur 
and an* known as **n»ticulated galena." 

II()))i)s has not (>(!/' in specimens fnnn Galena. 111., two generations of growth separated 
l»y a layiT of man^asitv. Tlie earlier g<«neration sliowed the cube with only the comers 
minutely tnmcated by the (K'tahednni, while the later showed the relations reversed. In 
;;en(>ral throughout the n>gion lar^> culx's of galena seem to represent a veiy late stage of 
<iejx)sit ion. Crystals of galena .s<»veral inches or a foot across hi^ve been found. TTie min- 
ers eall such large crystals "cog mi[ieral." Small crystals, especiaUy when disseminated 
through th(> HH-k, are known as "dice mineral." AVhere galena fills a narrow fissure it 
rarely shows individual ( nstal form and is known as "sheet mineral." This form is com- 
mon in the narrow north-south cn'vices, and experienced miners and smelters can teU such 
mineral from that found in the east-west or laiger cre\'ioes. The peculiar striations which 
sncli mineral shows an* cxp]aine<l l)y lIol)t)s as due to an unusual form of twinning, and he 
aptiv suggests that in the narrow cn*vices, th<> space being hmited, the orientation of the 
mineral j)articles or crystals may U* unifonn from wall to wall. 

The galena seldom shows bright metallic surfac4»s except on fracture planes. The faces 
of ilie crystals an- dull and, in the upjK'r workings, are frequently coated with cenissite. 
Oeeasionally they have Im^cu act4>d u])on by solutiori until each face has been hollowed into a 
eui>-sljape<I eavity. When broken the cleavagt* fac(»8 frequently show inclusions of dolomite 
and other foreign material. The strong crystallizing force of the galena is shown by the 
very jK-rfect cuImvs <leveIojH'd where it has grown metasomaticaUy in the dolomite. 

(lalena formed the original lead-on* mineral of the district and from it have been formed 
others, none of whieh an* imiK)rtant. Unlike the galena of most mining districts, the mineral 
found in the up|x*r Mississippi Valley contains pnictically no silver. It accordingly yields 
in the furna<-e a high grad<* ''.soft lead." 

Sjthaluitt . (ZnS; zinc, ()7.1") per cent: sulphur, 32.85 per cent; specific gravity, 3.9 to 
4.1.) .^sphalerite is also kn<»wn as zinc blende or zinc .sulphide. The miners commonly refer 
to it as "black jack" or simply as "jack." This, by far the most important ore of the 
region, is the original zinc minenil. It is found commonly below the level of ground water, 
and .so, although <li.s<()ven*d (»arly, was nt»t mined until lat<»r. It varies in color from a 
light .straw yellow through bro^^^l to jet black; this black color being due to impurities. 



^r/juniltorJin. T. (\, (ioolof^v of Wi.sconsln, vo\. 4, \W2, v^.^Mft-^'«ft«.. 

^Looimni. A. (}., Iowa (rcol. Sur^'cy. V(»l. 6, \807, vp.*i-A>:>. .c^v^Nr^. ica^-^vx. «^, -c^a 

^Hohhs, W.ll., /iuiJ. Univ. Wisconsin. «c\. set.. vo\.\, So.\,\«^'^. VV- \«>-^^«^'«^^«^>« 'W"^'^*^^ 
vol. 2r». ism, pp. 2r)7-275. ^ 

ffJiuU, Univ. Wiaconsm, sci. ser., vol. 1, No. 4, li^,p. V21. 
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particularly iron. While enough iron is present in the blende to give it color, the amount is 
really small, a fraction of 1 per cent. In this particular it differs from the blende of the 
Rocky Mountain States, in which the chemically combined iron amounts to several per 
cent. The iron found in the upper Mississippi Valley mines is mainly in the form of crystals 
of marcasite and pyrite mechanically mixed or inteigrown with the blende. It can there- 
fore be almost entirely separated in dressing the ore, and concentrates running 58 to 59 per 
cent in zinc are regularly prepared, some lots running as high as 61 per cent. 

Cadmium, a frequent element in zinc ores and a deleterious substance, has not been recog- 
nized in the district and is believed to be entirely absent. When properly dressed therefore, 
the blende of the region is excellently adapted to the manufacture of spelter. 

Sphalerite occurs most commonly in sheets lining the crcvic-es and openings. On free sur- 
faces there are small and rather poorly formed crystals. Ordinarily it forms solid sheets 
along the wall of a cavity, ranging in thickness from a fraction of an inch to 8 or 9 inches. 
Where it has crystallized in laiige, open cavities, such as the caves of the region, it some- 
times forms mushroom-shaped clusters 6 inches across. Small nodules of sphalerite, some 
of which have a diameter of an inch or more, are embedded in the clays, especially in the 
clay bed that marks the base of the^Galena formation. This form of sphalerite is frequently 
spoken of as "strawberry jack.'' It is seen at the Penitentiary mine near Mifflin, at the 
Capitola mine west of Platteville, and at the Eberle mine near Highland, where individual 
masses reach diameters of 3 inches. From the alteration of sphalerite the other zinc min- 
erals of the district havfe been formed. 

Marcasite and pyrite. — (FeSj; iron, 46.67 per cent; sulphur, 53.33 per cent; specific 
gravity — pyrite, 4.67 to 5.20; marcasite, 4.65 to 4.88.) These two minerals are intimately 
associated with galena and sphalerite, especially the latter. Marcasite ciystallizes in the 
orthorhombic system, while pyrite crystallizes in the isometric system. It commonly 
takes the form of cubes and octahedrons. Marcasite is by far the more common form of the 
iron sulphide in this regioix, and in the following descriptions it is assumed that all of the iron 
sulphide is in the form of marcasite unle^ it is otherwise stated. Marcasite is important 
economically from its association with the sphalerite axid from the fact that in milling it is 
separated with some difficulty from the zinc ore. Above the level of ground water mar- 
casite is commonly altered to limonite. Marcasite occurs as a cryptocrystalline coating on 
galena and blende, and also in well-formed crystals, but most commonly as thin sheets 
underiying as well as coating the other minerals. In cross sections these sheets appeal^ to 
have a radiate structure, and they build up until they present a general mamillary surface. 
Hobbs has discriminated five crystallographic types. 

Pyrite has not been widely recognized but when present is abundant. Leonard o found it 
in perfect octahedrons at the mine of the Dubuque Lead Mining Company. In the old 
shaft on the hill above the Hoskin mine pyrite was found in great cubical crystals with 
edges IJ inches long. The faces are distorted and in general appearance the crystals 
greatly resemble the large cubes of galena frequently found in this region. At a numlier of 
places pyrite was found to be of secondary origin. The pyrite of the Rowley mine is a 
possible exception. Here it forms a thin sheet separating the blende from the country rock, 
UBUiping the place ordinarily occupied by the marcasit(>. 

Iron sulphide as well a.s blende and galena has been found in the form of stalactites in the 
upper workings of the mines. 

Chalcopyriie. — (CuFeSj; sulphur, 34.9 per cent; copper, 34.6 per cent; iron, 30.5 per 
cent; specific gravity, 4.1 to 4.3.) This mineral closely resembles pyrite, but is softer, being 
easily scratched with a knife. It is inclined to tarnish and become iridescent on weather- 
ing, from which fact it is quickly recognized. It is not abundant in the lead and zinc minos^ 
but has been found at several points in the region. YTVvcTe pTt>«Mj>wV\V\»\xvsiM^'^ \ss»sasNv^^ . 'Vv- 
has ULTge}y been altered to malachite and azurile. 



«Iowa Geol. Survey, vo\. ft, \W», p.Ta, 
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ALTERATION MINERALS. 

»S'miM»f;ni7f .— (Zn(X)j,; carlmn dioxide, 35.2 per cent: sine oxide, 64.8 per cent; metallic 
zinc, ri2.(M) jmt crnt : siKfilir gravity, 4.3 to 4.4.) Sniithsonite is known by the miners as 
carlMinatc, or nion> roinnionly as " dr\' Imne.^' HoblM diHtinguished two sorts, om^ a massive 
s<Mnivi(n'<)us white to pray variety, which ha^ frequently lieen mistaken for calamrne, and 
t!n' other the ponMis variety known an dry lione. Tlie latter is usually brownish or yellow- 
ish in color, and has a dmdi*dly earthy appearance. A great many local varietiefl arp rvc- 
ognizcd, thcHc Ix'ing due to variations in the textun^ and amount of zinc present. Appar- 
ently then' is consid(>rahIe intergradation lK*twet»n the dry bone and the dolomite, since the 
coinintTcial grades rang<> from 2() to 10 per cent in zinc. Smithsonite is, next to sphalerite, 
the most ini()ortant zinc mineral in t^Je region. It occurs commonly above the level of 
gn>und water, hut in placi's extends a short distance Ih»1ow. In the early mining it was 
neglec'ted, and it is now pnnluced in c'onsiderably It^ss amount^s than a few years ago and in 
decidedly smaller aniount.s than the sphalerite. Formerly it was about the only zinc ore 
mined. At tli«> prcsc>nt time most of the smithsonite is burned to zinc whit^.^ at Mineral 
Point, arul vcr^- little of it is u.s<m1 in the pn>duction of spelter. 

Tlie smithsonite exhibits a strong tendency to replace other minerals, and wcure in 
l>s4'udomorphs of calcite, galena, and blende. It also completely replac(*s fossils o and com- 
monly <'xten<ls into the wall rt)ck some feet from an ore l)ody. gradually becoming less alnin- 
duMl Its the distance incn»a.ses. 

11 ijtintzinnte.- -This is a basic hydrous carbonate of zinc (specific gravity, 3.58 to 3.8) 
krjown also as ziiu- bloom. When pure it contains 60 |K»r cent of metallic zinc. Ilydro- 
ziiicite is frequently asscK-iated with smithsonite and it is usually difficult to distinguish one 
from tlu' other. It is n'ported from this district ft but was not recognized in the course of 
I he prcM'nt investigations. 

Calarri inf. — ( 1 1.^nSiO,; : silica , 25 p<'r cent ; zinc oxide, 67.5 per cent : water, 7.5 per cent; 
metallic zinc, 54.23 \wr cent: specific gravity, 3.4 to 3.5.) This ore of zinc is common in 
Missouri and Virginia, but it has not iK'en certainly recognized in the upp<»r Mi.ssissippi Val- 
ley. H<"cuu.se of its close resemblance in .s<mie forms to the massive nonporous variety of 
sniitlisniiite it may possibly have U'cn overlooked. 

Crrusfiitt . iVWO.y, carlwm dioxide, 1().5 percent; lead oxide, 83.5 per c^nt; metallic 
lea<l. 77..') |M'r cent : sjx-ciiic gravity. <).4(» to (>.57.) Lead carlwnatx? is locally call(*d while 
lejin oic. It tKciirs at .some places in minute colorless crystals on the surface of the larger 
crysiaU«»f tralcna.asai the U<>barts mine, near Linden. More commonly, however, it occurs 
as a white to yellowish powder-like <'oating on altert^d galena crystals. It is a secondary 
mineral derived from the alteration of tlie galena in the zone of weathering. It does not 
occur ill lar^e amount and was never an imiM)rtant ore in this region. 

AiKj/rsih. iVhSO^: sulphur trioxide. 2().l jx^r cent ; lead oxide, 73.6 percent; metallic 
lea<l,r»,S.3 per cent : specilic gravity, r»..S. ) This mineral has Ixvn reported from this district, 
but it is of rare occurrence, and (examination of some of the so-called anglesit^ from Mineral 
Point l)y IIol)l» showed that sj'lenite «)r gypsum had Immmi mistaken for it. 

Sulphur. -f.S: specific p;ravity, 2.) N'ative sulphur, though not abundant, is occasionally 
found ui t)n' l<'a<l rejrion in a pidverulent or minutely crystalline form m crevic«i or small 
cavities in the mines. It is un<loul)te(Hy due to dect>mposition of the sulphides, probably 
maiiniy the marcasite and pyrite. It is never found in sufficient abundance to \>e of any 
ini]>ortance. 

UW. -This mineral, a hydrous oxide of manjxane.se (specific gravity 3 to 4.7), occurs as 

an amorphous black substaiKc. It is widely distributed in small quantities, and commonly 

takes the form of a fin<' black powder. It is not certain from what mineral it has been 

lien veil, tlioiitrji r'/iamberlin has su^esled \\\o y>oss\\Av> ^iTosA.nwv' v.>il V.W ^yil^Kide alabandite. 

Lf'rnnnih . Thv h V(bnt(»d oxide o( iron \j^ U>v\\u\ u\\wy^^o v\\u\\\\\\:ws\\\>\\^^\^\«».Tv\i!|^^^^ 

Jcrs, H'horo it WHS formed hv the ox\dal\ou ol tW v>'t\Vv^ vx^xxCi vwvvt^^<\\« . '\\;>a ^Vrx^Scv^x. 
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process has gone on so extensively that a large part of the original minerals has been changed 
into iron oxide. It is usually impure and earthy, imparting to the clay and other crevice 
material a brown color. West of Dubuque it is so abundant in certain crevices as to have 
been mined for iron ore and shipped to Chicago and Milwaukee.^ 

MdanUriU. — Iron sulphate has been occasionally detected and marks a step in the process 
of the alteration of the pyrite and man?asite. Similarly sulphate of zinc is occasionally pres- 
ent. As these sulphates are very soluble they are rarely found. 

GANOUB MINERALS. 

Colette. — (CaOOg; carbon dioxide, 44 per cent: lime, 56 per cent; specific gravity, 2.7.) 
This is known commonly as calcspar, or simply as spar, and the miners refer to it as " tiff." 
It is the most common gangue mineral in the district. It is almost everywhere associated 
with lead and zinc ores and occurs in the middle of the cavities, being deposited after the 
metallic sulphides. It also commonly occurs in veins or in any kind of cavity throughout 
the limestones and dolomites of the district, especially in the Galena and Platte villo forma- 
tions. . 

Hobbs has discriminated six crystallographic types, and Leonard has studied and illus- 
trated some verj' interesting varieties of both calcite and aragonite,2> found in caves south 
of Dubuque. The abundance of crystallized calcite in these ores and the relative scarcity of 
dolomite, despite the fact that the latter constitutes almost the whole of the country rock, is 
a striking feature of the frt-es. It is, however, not peculiar to this district, but the same 
phenomenon is found in the southern Appalachians and in southeastern and central Mis- 
souri. In southwestern Missouri, where limestone and not dolomite forms the country rock, 
the reverse is true; dolomite being more abundant in the ores. 

Probably the explanation of these facts lies in the principles pointed out by Van Hise c as 
controlling the replacement of calcium by magnesium and the reverse. Where solid cal- 
cium carbonate forms the more abundant compound, as in soqthwestern Missouri, and is in 
contact with calcium and magnesium-bearing solutions, the law of mass action requires 
that a part of the calcium be replaced by magnesium. At first the substitution goes for- 
ward rapidly, but as the process continues toward the point of equilibrium it becomes 
slower. Since calcium is the more energetic base and also the more abundant, when the 
stage of molecular equilibrium is reached, corresponding to the composition of dolomite, 
calcium in turn becomes able to replace magnesium. In the upper Mississippi Valley the 
country rock being itself dolomite the two elements are in molecular equilibrium to begin 
with. If, now, solutions of calcium and magnesium carbonate Ije introduced, the calcium 
as the more energetic base tends to replace magnesium and calcite crystallizes out as a 
result. Since in the southwestern district the balance is evidently favorable to solution 
rather than to deposition of calcite, as is shown by the formation of cavities, there is oppor- 
tunity for the dolomite to crystallize. In the Wisconsin deposits the balance is in the oppo- 
site direction, and calcite crystallizes out, while dolomite goe^s into solution. Presumably 
the magnesium solutions travel on, in this case downward, until in the Platteville litne-stone, 
finding rock in whicli magnesium is below the normal, they replace calcite and l)ecome 
fixed. 

Dolomite. — (MgCaOOa; carbon dioxide, 47.9 per cent; lime, 30.4 per cent; magnesia, 
21.7 per cent; specific gravity, 2.8 to 2.9.) While this mineral is the most important c^m- 
stituent of the Galena and Prairie du Chien formations, it almost never occurs in crystals 
of any size, and it does not seem to have Ix'cn deposited in the veins, for reasons already 
discussed. It may, however, l^ found in xovy small crystals lining druses in the country 
rock, both in the mining districts and away from them. 

SdeniU. — {CaSO^y 2 UjO; sulphur trioxide, 46.6 per cent; lime, .32.5 \h»t cftv^v, ^"s^v^x ^ 
20.9 per cent; specific gravity, 2.3.) This occurs in smaW ery9.1a\A,V>\\V\V \^ vwvA n^vs ^«vc^- 
moD. It undoubtedly owes its origin to certain chem\c&\ re«LC\\oi\?^ v«>sax\^ ^-^e^i V«N:^^^^ 

flowAGool. Survey, vol. 10, 1900, pp. o97-600. 

^J^^, ^^'- Sarvoy, vol. 6, 1897, pn. 2^^% «cvu««i 
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tlu> <*Hlriiini mrfxmato (if tlie rocks and Milphuric acid fonned by the brpaking down of the 
iimn'HsitP. Its M-nn-ity m doubt low due to itn great solubility. 

Harite. -(IWS(\: sulphur trioxide, 34.3 per cent; baryta, fl6.7 per cent; specific gravity. 
4.3 to \i\.) This is <M)iiiinonly known as hea^-y spar. Grant has noticed that harite 
ap(x*ars in tlir main in the vicinity of the oil rock when occurs at all. Although usually it 
Ls not ('4)inin(m.in certain of the mines it is abundant. Aside from occurring with the ofl 
riK-k, it also lines cavities in the veins, being the last mineral deposited. 

Quartz. — (SiO.^; oxygen, .'i.3.3 p(»r cent : silicon, 4C.7 per cent ; specific gravity, 2.6.) TTiLs 
oeriirs chiefly in the form of flint, which Ls abundant in certain parts of the Galena formA- 
tion. Notwithstanding the largo amounts of silica in the ore-bearing rocks, it is rsHy 
foiind in crystalline form, except in cavities in the Prairie du Chien limestone, and here the 
crystals are commonly veiy small. 

PARAC.ENESIS. 

The association of the minerals with one another is interesting and instructive. Hiam- 
lN>rlin devoted some time t(» a can^ful study of their order of deposition.^ Van Ilise^suiu- 
mariz(>s thes4» ol)s<»r\'at ions as follows: 

Thi' full stiarsHidii hI varioiin oixMiingn from the wall to the dniM Is (1) marcasitG; (2) ferriferous 
i«l>t)ali>rit<>: a) ^hNmih in i'iit»ic rTyHtals: (4) furriferous sphalerite subordinate In quantity; (5) msrcs- 
sit«': .('•• ):altM;a ii) •>(tah«'<lrHl crvHtah. vcr>' mibordinatc in quantity. Soqie of the elementsof this nic- 
(H'ssioii arc lackiiur ii! various vi'iiis. \ very common order is (1) sphalerite, (2) galena, and (3) mar- 
caslt*'. 

It is (loiil)t fill whether much significance should be attached to so complex an order. So 
far a.^ pre.s<»nt ol)s<»rvHtions go tlie mast common order is(l) marcasite; (2) blende, either 
free or containing som<> gaU'na: (3) galena or marcasite, or both, and occasionally pyrite; 
and (4 1 calcit<*. The marcasite first doixwitod forms a thin sheet, not usually more than 
1 luilliincter in thickness, lining the solution cavities and fractures in the dolomite. It is 
rarely ahsi-nt. Tlw blende formed over it varies in thickness from a few millimeters to 3 
or I inclies. On the blende an' scattered ciystals of galena and pyrite and occasionally an 
inrnistation of man-asite, 

Prnl)ai)ly more Nijfniruant. h«mever. is a gnmping corresponding to the vertical order of 
succession of the dominant on> minerals. According to this grouping the ores may he 
cla^>M'(i MN ( I jrah'na or lead on's; (2) sinithsonite or zinc-carlxinat« ores; (3) blende orzinc- 
snlpliide ores: ( I •'sidplmr" on-s. 

(inhua or Jttui orts. These are the chara<'teristic ores of the upper horizons and are the 
«)n<'s wliicli aiiracteil attention in the early hist4)r}' of the n^on. In them galena is the 
dominant mineral ami /.in<" minerals are verj' 8ulK)rdinate. Tliese ores range in general 
fnnn tiie surfaicc down to (lie level of underground water, and much the largest quantity 
of «;nlcmi so far ol)tain<>(l lias ixu'ii found us hntse ma.sse8 in dolomite sand, which is residual 
from the <|(>('om|)osition of the country nK'k. Iron and manganese oxides are commonly 
found in ihe^p orc>: in small (juantity. though sufficient to give a rusty brown or black color 
to the ma'>'>. I)es|)ii<' the many years of careful pn>siKH*ting since the district was first 
<)|xuied these ores aie still f(»und and mined, and at Klizalx'th, 111., a laii^ body of such orp 
was foumi in the summer of nMn. These ores formed the IxasLs of the early mining of the 
rei^ion. and the woikin;: of tluMu calls for only the simplest machinery and methods. 

SnutfisftnUt (H zinr carltormtf ons.- »Somewhat 1m4ow the lead ores proper, beginning, 
however. alM)ve the actual level of underground water and extending a little below it, Ls 
the zone from which, in the years l.S(>() t«) iSfK), the main ores of the region were obtained. 
In tliis /.one the amount of galena present is nnich l(>ss than in that above; the dominant 
inincni) is zinc r/jr/)o/iate. With it are wmmt auwviwVvj cA ^«xv«k «)Xvd toward the bottom 
Incroasin<r ninouuts, of zinc .sulphide and iron sv\\y\\\<^g. 

t Triiusr Am. lust. M.Ui. tug., vol. 4tt, \V»V. v. WH. 
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The relations of the zinc oarl)onate to the zinc sulphide are such as to make it clear that 
the carbonate in an alteration product from the sulphide. The oxides of manganese and 
iron are present in this zone, as in that alxive. The ores carry from 2() to 40 per cent of 
metallic zinc as usually prepared. They are mined and dressed ordinarily with only the 
simplest machinery. 

Blende or zinc-sulphide ores. — Below the zone of zinc-carbonate on\s is that in which 
blende becomes in turn dominant. It extends from near the level of underground water 
down to the "oil rock" and in a few cases a short distance Inflow, -\ssociated with the 
blende are galena and the sulphides of iron. The latter occur in considerable quantity, 
and the various sulphides are so intimately mixed as to preclude any successful attempt at 
determining an invariable order of deposition. The order (1 ) iron sulphide; (2) blende: (3) 
minor amounts of galena, is most common, but the reverse order and various permutations 
of it also occur. Clear well-defined crystals of calcite frequently occur in this zone. The 
dominance of the blende and the absence of alt<Tation products are apparently the signifi- 
cant features of this zone. 

The zim^-sidphide ores are the ones now being worked at most mines. Their mining and 
dressing require usually the erection of much more elaborate plants than are necessary in 
the case of the other ores and necessitate good pumping and milling equipment. This 
requires more capital and results in the concentration of effort upon a smaller number of 
veins. It is this stage of mining that is becoming more and more important in the district. 

*' Sulphur'^ ores. — At the horizon of the blende or zinc-sulphide ores the amount of pyrite 
and mareasite becomes at places so abundant that the ore is more valuable for it3 sulphur 
than its zinc c-ontent. These mixed ores have in recent years been largely shipped to 
Mineral Point, Wis., where they are rotisted, to manufacture sulphuric acid. At a few 
points in the region mareasite and pyrite occur in such abundance and so free from the 
other sulphides as to be in demand at other acid works. They have accordingly been mined 
and shipped from time to time. 

CAUSE OF THE VERTICAL ORDER. 

Cbaml)erlin discussed the vertiail order of the ores and arrived at the conclusion « that 
* 'selective chemical affinity'' was the most important cause. This cause is the one cited 
by Van Ilise to explain the process of secondary enrichment of the sulphides developed by 
his studies in this same region. 6 It is undoubtedly a true and the most important cause of 
the present order of superposition of the ores. There are, however, some reasons for think- 
ing that there may have been originally a greater abundance of galena in the upper beds 
and of blende below. As these reasoiLs are largely founded on theory they will be dis- 
cussed in connection with the general topic of the genesis of ores. 

MODE OF OCCURRENCE. 

There are four general forms of ore bodies recognized in this region: (1) Crevices and 
openings; (2) honeycomb or sprangle runs; (3) pitches and flats; (4) disseminated ores. 
The ores are made up in large part of minerals which have crystallized in o[H^n spaces. To 
a subordinate degree they include metallic sulphides, meta.somaticalIy replacing dolomite, 
IiDiestone, and shale. In the first threi^ clas.s(^s of ore lx>dies metjusomatic r<^placement Inis 
been strictly subordinate. In the disseminated ore^s it has l)een the most important process 
in the formation. 

CREVICE DEPOSITS. 

Definition. — ^Hie ores first worked in this region occur largely in "crevice.s." as they have 
loof^ been locally called, for which Whitney'' coined the term "gash veins." These he con- 

^»ChaI^^x!^lln. op. cit.. p. 'm'J. 

ftTrans. Am. Inst. Min. Kng., vol. :«). l'K)l, pp. l(»4-icy.^. 

c Metallic Wealth U. S., 1854, p. 48. 
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siden^d to 1)<> inu>niirdiuU* in chunu'tfr U'tweeii wfnvguted and true veins. They oocupr 
pn'i'XLstinp iisKiin'H, l>ut iin> of liinittMl extont, lieinj? utnially refltricted to a particular for 
iimtion and not conntH'ti^d with any rxt4*nMiv(> niovoment of the rocky maw. As devri- 
«)ped in this n-^on, tln'se veins (H-cupy joint cTurlw. Usually, instead of a simple con- 
tinuous fissun'. then' an> a nunilNT of parallel (issun's (»ccupying en ^helon poeitioas. 
("oIliK'tivfly they are known us a *• range." Two systems of joints are conunonly developed 
in this area -vertical and pitching joints. Tlie creviet»s aro developed along the vertical- 
joint planes. Tlu' vertical joints, and hem-e the crevices, are best developed in the upper 
.strata and within the lirst Imndri'd fi'<»t of the surface. In general, the vertical joints arr 
notable for their extent and n*giilarity. 

OfHuihtjf<. - The joint planes an' simple cracks through the rock. Tliey are not planes 
of any appnn'iahle faulting and. though the vertical joints are very persistent, would not 
in theins4'lves afford spa<*e for much on». They have, however, been materially enlai|;ed 
hy th(> dissolving ac'tion of underground wati*rs. Locally this action has been fairly uniforai 
along th<> plane, and space has Imm'Ti cut out in which a simple sheet of mineral from a quar- 
ter of an inch to as much as 4 inches in thickness has been deposited. This form of (»rp 
IhmIv ^nnus {o Im- es|KK-ially charact«Ti.stic of the cn'vices octrupying north-tM>uth and quar- 
tering joints. Along the main ciwices, which over most of the area are approximatelv 
east-west in dins'tion. solu(i<»n has Ikimi more active, and im^lar ca\nties and chambers 
have U'en excavated. Then' is a tendency for th«»se to form at certain stratigraphic hori- 
zons, which diifer fn)ni camp to camp, hut are fairly constant within the limits of small 
areas. At the inters4'<'tion *)f thes*' planes and the joint plam»s the crevice either widens 
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Fi«.. *». Ski't<'li iti}i|i showing; ]<K^iition of Slewart'H cave. 



out ,'il)ruj)tly and an dpcn >parc is fmincd. or tlie nK*k Ut'ome^ .soft and thoroughly disin- 
tegrated. Ill <'i(hcr cM^" the (crni ■«>j)ening"' is applied. 

The (»p<Mjin«:s are usually from 1 to \ feet wide and frtmi 4 to G fwt liigh. Oi*casionaUy 
tlw HM-k hctwern two (•revi<e>; |ja>; heen rut t)ut hv «olution and broad chambers 25 to 30 
feet widf and iiO to 10 feet hi;;li have Immmi formed. Tlie walls of the opening usually .sliow 
linn (lohiinite. not especially «li.sint<'j;rate<l. Krecpiently they exhibit a pitted surface very 
siniilar to that which tlic saiin' «loloniite takes on exj)osurc to weathering agencies at the 

Muface. The roof of tl p<'iiin^' iiuiy eitlier U' a Hat ''cap rock" thmugh which the civnce 

can l)c tra<M'd only hy a line of water -seepage ( 1*1. VI. A) or l)e irregular as a result of the 
preseiKc of '•chimneys." which oft<'u extend as pijH's frcmi one openuig to another. In 
many mines ihn'c <listinct o|MMiinjxs. one in-low another, art^ pn^sent. Two such openings 
are illijst rated in IM. \'l. H, from a photograph taken in Diinleith or East Dubuque hy 
(irant. ()c<asionally op<'nin«:s hav<' heeii found .')(K) feet long, while lengths of 1,000 feet 
are not uiu'ommon for the smaller openings. In certain cast's, as a n»sult of this softening 
of the HM-k. coimections hav<' Iwen mad** hy very little digging, .so that an individual cronce 
nuiy 1k' f()llow«»d undei^njund for' a mile or more. 

Light on the method of the formation of such openings-may l)e derived from a study of 

Stewart^ viwv iwnv J)jil)U(|ue. T\\'i^ euve \s Vov\\vev\ v\\ \V\v\ Ni\\joY^«ction of several crevices, 

//>• indirntvd on ilw Mcconipanving skele\\ mwv vV\\l- ^-^^^ Vv \s w\v!\mA\v^ \i\«».\s& ^^^ v>. ^^tS^ 

f^n ///; rtist'Wost crevice, whose stnu\\ wuW ^mv\> \\u^ ^a\\\\ nn^^W <^^^ VW ^ysc?^ ^ws^'^. "^^ 

riY^vico Jtsi'lf is now open feu- *.KH> feel tvoux \W s\vaU xv> vW v^wo. K\c.x^%N?c^>^eC>^V«^.^^V> 
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open to a width of from 14 inches to 3 feet and to a height of 25 to 50 feet, above wliich i'; 
narrows to a mere crack. Winzes at several points have been put down 45 feet in soft dole 
mite sand without any sign of hard rock, but show galena near the water level. This mir 
eral is in large cubes — **cog mineral" — and is more abundant near the cave than farthe.' 
east. Rust or ocher is prominent near the shaft. Tlie sands in the bottom of the crevico 
show cross-bedding and indic4ite actual movement of material along the crevice. Pros- 
pecting seems to have developed ore mainly at crevice intersections. The crevice forming 
the north side of the cave is, ao far as known, barren. 

The walls of the main crevice are weathered, iw on an expased clilF face — that Ls, so as t^ 
bring out very sharply the bedding planes. These correspond from side to side, and theri 
is no indication whatever of faulting, either vertic^il or horizontal. The main crevice v: 
cut by occasional cross crevices, running north-south, northeast-southwest, and northwest 
southeast. Occasionally two of these cross in the main crevice. These cross crevices aro 
usually marked by vertical cracks in the wall rock as much as 3 inches across and fiUeci 
with dolomite sand. 

The cave itst'lf is an irregular rtH'tangle about 80 by 2(X) feet, and if it wort; cleared of 
fallen rock it would be between 40 and 50 fe<?t high. The fallen rock, however, fills it 
nearly to the roof, which is flat and unbroken. Along this roof the great cast-west 
crevice* are plainly marked but the "north-souths" are less well defined. The bearings 
as given in the sketch were taken in the summer of 1899 and are magnetic. 




Fig. 10.— Levens chvo. nuhuqup. Iowa. 

Tlie bottom of the cave can not be reached, as water stands in it. The crevice and the 
cave proper are, however, (|uit4» dry. There, is no drip and no calcito crystals line the roof 
and walls. The cave was discovered thnmgh a chimney on the main "east-west," and 
ctmsiderable galena was taken from the crevice, though not from the cave. The galena 
occurred in bunches high in the top of the crevice and in loose fallen mass<»s in the sand. 
Xo systematic work has lM»en done hei-e for many years, though a little prospecting has 
b(%n carried on. 

Another well-knoi\ii and characteristic cave in tUo Dubuijue district is tlic Ix'vens. For- 
tunately it is possible to give a somewhat exact account of this cave a.s it was when first 
discovered and as it now appears. The Levens range has l)een worked at intervals for 
nearly 3 miles. The eastern portion, lying within the city limit>s. was developed between 
1830 and 1850. It was worked farther west in 1852-53, and still farther west, on mineral 
lot 371, Tliomas Levens, in 1855, made one of the l»ig strikes of the region. It is estimated 
that he raised about 2,5(K) tons of galena from this lot. Some blende was also discovered, 
but as it was at that time valueless, no attention was paid to it. It is estimated that in 
all 7,500 tons of galena have Im'cu taken from this crevice. 

Its general cours** is S. 83J° \V.. and it is siiid to varv but little from this cours**. The 
only portion gf the work open in recent yeai-s is the old I>»vens cave, wliich was visited in 
1899 and again in 1900. This cave is in tlie SW. \ SK. \ sec. I."), T. S9 X.. H. 1 1 K. The 
<ii8covcry is said to have been made by crawling into l\\o ciwo Uww \W v?>\#\ , VvvV X-aXvix 
thiw shafts weiv sunk on thr cave. The middle s\\ah {W^. \0> \s \\\v v.>\w \\xn\\\^\\\v\\ ^V^^ 
"imin mineml WAft hoistvd. AIhhiI .7) yards east of it is a s\\\\U swviW \\\ \>^i>\>N Nax^v-^c^^^ 
^ Co., and uaed l/itor [or a pump sluift . a 4()-lu)rs(»p(>\vcv e\\^/\\\e wud vvwwv W\\\^\\^^- 
*"arfr was, however, never carried much, if any, \x4onv V\\c WvA^ uovj Ivv^v^r \yov.\ nnv^. 



^i^\ ZIN< \N|» |.KAI» IN IITKK MISSISSIIMM VALLKY. 

Th- 'iiiiiii jmiMimm t»f 'III- ••.i\«' !•» J."i til 'X't fii'i wiijr. iiiid ."Hi to K) fii't liiph. Kxitpt fiT 
r'l.- ki\ rut k «•".» nf I In- |iiiMi)» ^hafi ii i- iifN'ii fur iii'urly .1IKI fi"*'!. Tli»-n' an* \vn wU- 
■f!;iik««l fn\ !•■•■"• ariil \\\t' iii\i' lia- Ihmii runiii'd )iy xiliitioii of tlu' nwk U'twi-t-ii liu-rn. A: 

llii- i?i!i|-«rHiiI| .if :i " MuH l»-^HM ll '" ll linwi)!-**! -Iiaft nIhiWimI illclldf at H (Jf'plli iif aluijt 

III f.-. I \iii far U'VMinl ilii- rn-viff liarnm* fniiM 10 fi'i-t t«» 2 fiM-t or li'>.%. On liic St«''.;.' 
laml. ■iiii-!ta!f t^i f lini'-fi»urili- ••f a imir fartliiT wi-si. flu* rroviri' mjvms oiil into a >*fo!iil 

■ a*. !• frtiiu wliuli inirii rsil lia^ U-i-n tak«Mi. 

'I'lir fiillnUmL' ili-^ ri|)lii»ll iif llli' r;i\f wIm'M HM fiHIIIll IIJMV )h' M-ail %lil}| illl»Ti"<t : ■ 

I <■ I ■!' - r .{'t |..:i ..■ !!,:- ".ir > ir.i> :• ^iih'j iii :iii: \ n-* il a|«iH-iiri-)l \i luMi tir-I 'Iim-i'ViThI \\.- «n i;. .. :i''-: 
:• I W '!,!»..■-. •. Ai: ■. i>..ii-.| ;! ii!ini.-l..i:-!-. .if-r it s »li^'iiv*Ty liv Mr. I-^'Xi-i.- .iii-i ^h-Iup- :t ;u«i l-Mi 
.If .1:1 -l.^f i;»'» -J. I Ji:- W.I- \\\ * »i ;..lii-! . !"hV". i! wa*. IiF«i| vi<iiliil hy om- nf ii* iwi yi-ar- '..iT.r jiK'-r :il- * 

J (i»i i»»i l„...r .1 !'.i«s \»—.i •••ir,«.\i-il f'l.Fii i;. Tin- loraliiy. si^ at fir>t Mt-ii hy Mt . Wiiiti;. « \ ,•- - 

•■:!ii<l.i •.-■■ A .;!•.■ -i ir'\,.> .-iiii ■•.^r in-Mi tlir .-.lIi' nf till- hill. ;iml rajMl'l- «>f ji'irnitr.v.L'. .j'I ■■ ./ 
I"! -i--i. : .1. ■ > -.v :; !. j:i it iliili ■..! \ il.- |':f«-.r_''- "f :• Mi.iii. Tlu- in-x in- h.ul a n«virl\ . a».r .ir.it "a- <! ■■;m>- 
i.-r.;- -.-I.!!. \i i"i -;:...!" ■I'tlii!!"!!- f- -m; ;i •.' • jiiv'lil iiuir-M-. \VraMMi'\Mr Whif 1 1« - y- ({••i< r.:ili-". 

• •: 'i • \.«.' 1 ■ "- ".I'.'v :m -t 1' ^""1 \:t' ! -!".ikiii;: "f Tin- •liili.-iiify of xijiHiviu^' iK-fwi-.-:- ll;. rt.iN 
.■; ■!.. ••.I'!..'.-, .■■■li ■.» I- .|.i..- . !■ \ ill. !.«■ L'""- '«!i .•I'' f"llows: 

\\ . • .!■: :■ 1 L,'!" If ii. Km- 11.. •.I!i("M;iImi- riiaiun-r wln-ii .1 liaiwl>niiii- laM- ;i|>|.-;ir.<l I.-l-i.--- .- 
.■1: :•■ •• ■: '-v t '.. ,:•!.:•:; ir.'i.t . 1 1 n .i«. .1 -.iiii.ir ■■ nmrri. m ilh a tninl 11«M»r ari'l a rt«k ••'ilivi:. uNiriL''::- 

'i: III- ■■■ ■'. !.M '. I' .1- ;i •■ .iMi • ■■ \ • M ii .1 1 1 • " \ i<i fiiTit ainiia; ^aii-iiM. Tlii«« i-ti'Vh-*- \\a^ uixiiit J i—^l 1-; 'sl. 

I'll v:.|. .;,..•,,,,. I ■.. II; ■liiiiifii I. !<• ** iriili.". iliii-k. ll a villi: a .■^paii- lH'twi««>n tin- inrnT fa»-»'s "il ilii ri;.i.'r:». 
i|' ■' ' ■ ' ■>*■ • ' ..•: - • ' :.tl !■• I I lii-r-i- \\.iv alioiit this i-ri-viif an t-ntiivly iii-w ffatim-. >»• f;«i ••• 1 

.:■'•• Ii —■•.■: r.ii'..' I I • ••'• I ;i«l Iri'iii ilii> III \i\f ifow iiwanl.a fi»nr to a font aiul a ha!f 111 :t '^ii-rt 
I- :i.. . . .1.1 ■: " !■• I'l .::■ ;■• ^ t!i:. k .11. I J"i 1" ::•» fiif Imiu'. -piiiuliiiji fan liki' a-*, it iir«»rot:.ij\l. V \'i'' 
■I '■!• -.v . :!.■ •. ■■ ■ ;■ !.' '■■ Ml" t« iwii T|;ii k :irii| hi'avy oni's. w'illi marsi- lrn»}riilar Mirfatf>. r^'inj-'y ! 
.: .•■_■ ■•■ .• It. ■: . ■!''■ • '.•••••[ _' !■ ;!' ';.. Ill > .•■.! .1 «.i'ii". ;i;ii| iMU' liwm. Iliin >h«"«'l. llu' wlioU- r..viTiii with ■■>::■:•■ 

■ .■•:■■ •!• ' "t ■ ■! .!■ '. ■.i'..'iu 1" ■ •■iiT'i'ii Hi '■ ;i ii!ir»'-\vhiti' ii)|iir. This ilrjM'iuljn.i; iria.-*" wa- wl-"i '• 
. . r ■ •■■!.i A..-. ;• \\ 1 .i!:.i<''.| :.• 1 h«- r"«k .iliiivi- anil pniji-i'ti**! ilounwanl in ».|»aii'-llii' nu"=' 

• :■ -I '■ . ii.i..' . "'i.. : I ■ •• . ■ ■..i'\ "f ;: iiiiihimI kiii'l. \ln»ijl Jim fi-*-! nnin- of M\islin>: am! <«ijiu:i:.- 
.■■■'•...;'.■' ..- ll- s'.i '. .I'l- !• '"II';' u ii. n 1m> llii- f'lflinu' nf uiif Imlil ♦•xplorrr. It is a rav«-. or jrfikit, 

!■ :■■ ' '■•'.L J' :■' • ' .-.'I. 1; t!., .I..MU-. iM i;iViTn jiart. ami "in In :«» fi-*-! \\iili-. \\w ^.i'li-.- .iri-i r.-' 

• -I ■ .!•■ i:-'"- . ■ im:!-' I'".ImJi'\ ,• ■•\I«mii|s in tlii- «ival >lm|M' In a «li'|»th •M|UaI l" Tti- <li:i' 

'..- .. • !'• ■» I. ■:. •!•;••■■'«■• '■:i' •■ !m-« Ii I'fili ■! witlr N-ad: an<l although it« >iz«- •> !int as i:^:!l 

• ■ ■■ ■■ ■• ■■'=■■ ■■■■■ ■ .-.t'.! .i.Mi«!Mii nf nal<'n!i Ml vu»w at oiii' Tina- is sai'l io« V*— It: :•• 

I . ■: .■■•■■ : M ;. ' •■ I'm !i .1.1 hriiMir lM«- n»nf mimI *\*{v< lia<l fallen <li»\vn ni iinnm."'' 

:■ . . ■' .. .1 ■ •...■■ ri.t'\ I !.;- i.MHi !.il iiitTiKlaliiHj \iM"». in phui->. J fii^t lliitk. a!i<i :<:i> ■: 

•'■■ . '■ • ■ :• I •• . ■ • I .! ■ ll i I. M i.'-. j:,!**! iiniitiiK. In till' mini an«l day tliat fonni"*! tla bnTt.-:. 

■ • 1 ■■• "i « . 1^ I- .1 ■. .- ! M- . ; ! I V -.1,.! t' .It T ii.i-ral uniritl hi-fmitul Wiin«Ml.oriniii»stMi m :jir;;i' .' : •!]:■», 
■■ f-. ■,..•! •!. :■:..'.. I -.i-. ,.:.,» •!.. |..- " 

• .• ' ' •' .i":-;': ■■ ■ ■ ■■' i'..',.:^.ii M l•^l•l.l-.t .iifi ii-slin^: inralify. iTrtaiiily 'MiiMif iJii- in«i.<t n':i]:i'.*. 
i'. ■■•■:■ ■ ■■ : . »■■. I- '1. '■■I- !. !>._'. ;iJ...iii •-'.•mn.niin pniimis nf or.'. M-orf}i. at thf ih. •' ll.:- 

f ;■ ■! ■ .1 ■ .!■ .' ! »■' '*■' I .1 ! ••• •■".;.'> ■«!. ;ii:'l l!ii!«> wa-i still li'fl In tht» niim-s alioiit !.'•<■!."" 
I"":- -t ■ : ■■■ . ■.'. i ,. '. V ■■ .v- 1 -. ' ;. .s.: .■ ! V.I \ .-liall liaii hivn Niink from tin- siirfaif \i* ^trik' 
■: ■ li ■ ..• :•• - .'.'... • ■• • ; 1 A .' .■ .! '.V l^ ■■Ml hifl at a i|«'|ith of al'iiul '.«) fi-«'t. ami till" h.'i;i'! 

•' '■ .". : 1 ■1 !■.;■■■. I :■■ • •■'..111 l-i u liirfi llir i n-vio- Inul luiii iiao"! w.is al...;* 

..." '■ -!'■.. ., ..:■'-■■• \;. :.. I- ■!:■•! :i. ailviMMi f<-<'f.\vith'ninpoiit in soiiii- ijlaii-it'i.*'!!- :. 
I '. . ■■ ■■ .'• '1,1: . ; ! • ;■ -.■!. ii.i.i- niiiipyiiii! a fis.siin* fXtiMulinc niiwui.l iiiM lit 

■ 1; •■•■1. i .1 ■■.■.■■•:•. .-.I '!■• - ..ti I r.t.- i'lt.i il;i- .-lIi-. of ilii' i»|H'ninjr. in soni.' plait's, uiih M J'.i.'- 
■ • !■■ '• ■■-.'. ■■'..; 11:. :...! '■« '.i' i)-.i- rr-.it'i- |»oiiion lay in loost» nia:<si'H of panially ili.-;-. 

\'-.\.'''-\ ii-.>!.i.- 1 :'. : • ■ >.'r..' ■ ■■ K. ['..■>i'li- Jhi '^lii'11-hki' <lrpo?.it of on- vhifh lininj III' «.. '? 

'■■ '1 I.- I . ;. .1.:...; ■ ■. \\- Wh.i! . -.;. t'.i'i -illI In luiVr lui-II llOfJ7ontal layiTS Wlliil, .•••' 

■ •'fi:i'l 'I ■•: i.'v !'■• ■■.••■■.'■;. ll.'--. 'i-.-: i-'i i.i-.k<:. ■!}■. .iMiJ Tlh- fiK-k sniToumlinu' Ihi-ni n-r-ii-v..'. 
'■■• ■'•:•. ; •. ■■! . ::■■■!:• ■ ■■■..ii-' ".' « ■i.tii I 'i' ■ viii«:ui- 1 milil In- sivriln I'viTy j»ar1 nf tin- i'rv\ lo-. . -;> ■ 
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nut acxjuaiiitrd witli tlir jKvuIiuntic.s uf (lie districi . In ii;;. 1 1 , a plan in tlic vein, a portion 
of the Avenue Top workings at Diibu(|ue is illustrated. At first glanee a considerable amount 
of iinstoptid oTv would seem to l)e blocked out. .\s a matter of fact, only a thin coatfng of 
lemn ore remains on the walls, and the blende which (KTurs at int^Tvals along the bottom of 
the lower level is pmbably as patchy in distribution as the irregidar, worked-out stopes 
above the level show the " dry Ixine '' to have been. One o( the chinmeys, it will be noticed, 
lengthened into a small stope and similar stopes 'H) to St) fcn^t long an* not unknown, though 
thev are rare. 



, Scale ■ 



Surface 




Pio. 11.— Vertical east-west section along the McNuIty crevice. Avenue Top mine, Dubuque, Iowa. 

Ores of the crevices. — In the crevices and openings the characteristic ore is the galena. 
Tliis occurs as (1) thin sheets completHy filling the smaller crevices; (2) crystals and crys- 
talline aggregates clustered on the walls (fig. 12): (3) fallen and broken masse.^ in the loose 
dolomite sand mixed with broken pieces of nwk. The sheets have yielded relatively little 
mineral. In 1839 Owen estimated « that a regular sheet one-half inch thick could be 
worked profitably in solid rock that required blasting, while in loose ground a vein one-fourth 
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Fitt. 12.— Typical occurn>nce of ore in roof of flat opening and In fallen masses. Kane Brothers' mine, 

DiituKiue. lowK. 

of an inch thick would pay. Such thin sheets-have not l)een worked for some years, except 
in the hope that they would lead the prospector to a cave or |K>cket of mineral. The open 
chambeni have yielded the gn'at bulk of the lead on*. Fmm 1,000 to 2.0(X) tons of clean 
galena have in a number of cases Iwen taken from individual openings. 

Notimly Uio galena on\ but the bulk of the zinc-carbonate ore. has come from thecrevices 
and openings in which tlu^ smith.sonite occurs as \cHisv fragnxenlH \\\\y.v>\\. v{\N>a ^^w^ \^xv^'i^^ 
roek and aand, as incnistatioas lining the .solution pits o^ \W \v«\\^ w^^cv>n<j\vw^^^'^'^>^^^ 
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r»S ZINC AND I.KAI) IN rri'KR MISSISSIPPI VALLKY. 

• if iiiiiiiiltMl nnk aiwl II- n n'|»Iuii'm«'iit of fliv «|iiIoiiii(<'. To n \Hnal»U> Init iiowIh'IV pwt 
cxtnit till' >initliNoiiit«' iiirtuxniiiitiriilly n^plurcs thr doloniitf of tlio whIU, forming t low- 
jrnulr iiirlMiimt*' on-. In a frw i-um"* lilnulf has U***!! found in (juantity in the crevicftiiand 
o|M>iiin}rs. liiit ^«u'h ziiM- on» jis is |)n><«>fit i** onlinarily in tlw f<inn of <'arlNma(o. 

The cn'viii' im's in the iiiHin n'pn>scnt crystallization in o|)cn sfMCfK. hut Miliordifut(> 
amounts of on* ori^inntin«r tliri»iif;li nictasiMnatic pnM'i'sscs an> prrsctnt. An interesting 
I'XHiiipl*' is illustntt«Ml in fi«;. l.'t. fnini a s{NH'ini(Mi <ihtain(Ml at the Ktna mine, nearBentrtn. 
Thr HM-k Im'H' is H lii;ht-hrown dolomite of rather <'oars<» textun* and sh<m*s numertMiA oprn 
dni.s<'s one-half to thn'e-fourtli.s of an ineh in diameter, lined with clear ealoite cn'<4al>. 
The pilcna crystals an* Nhar{>an«;led. euhieal in Imhit, and haveelear lustiXMis cleavajje faow 
when* l>n»ken. When' tliey have Uvn dup out of the nn-k, the rpsuUing cavity is tlieexAct 
fonn of thr <;alena *•r^'slal and .sho\i> no rvi<]enee of a pret^xlsting cavity. It may \ie iiotwl 
that in plarc*^ the crvstal <iutline is inr>oniplete. th<* pilena and dolomite meeting in a nKi|rh. 
irri'jriihir line. In eertain eas«»s small amounts of dolomite occur entirely surroimded. si>f«r 
as <-aii 1n' determined, hy pilena. 

This s|HM-imen is iM^Iieved to illu>trate excellently the etinditioiLs under which galew 
replaces dolomite. It is from a horixoii alxint at water level and the ixx*k contains a snull 

amount, less than I per cent, of on;ani<' 
matter, as determined liy Mr. F. F. Grout. 
'Hiis amount is, however, ample to precipi- 
tate sulphate of lead, the form in which it 
is U»lieved the lead was hrou^it to its pres- 
ent |Mmition. It is clear that hoth tlif 
dolomite and the pilena or its elements 
were in solution at the same time. Tin* 
piIeAa replaced the df»lomite little hy little. 
In doing so. however, tliere was no tendein-v 
toward pMeudomor|>hism. the galena main- 
taining its own form throughout. Thi* 
n^ason for this is helievt-d to lie in the fol- 
lowlingfact-s: If the ^lena had crystallized 
in a simple aqueous solution, it would have 

I'll.. I'. <.;ilitl;i Ill't;i^<iril.i(u;illv nitljuMU^T <I*«I*>- , , , - , , , 

M .f. I t,. . „,i„. M..,.t..,>. u is »?"'«''» f"^*b* «n<* '«"n«i P<*rf»^t ^•r}'*^*^ 

Sinci' at any one time and plact* along the 
l>..i<lri ..(■ ilir rr\-i;il LMnwJnL' Im I lie fink t hcH' was an aque<His .Holution, tlic galcua took it> 
• •\Mi |)ui|M'r fonii ji>^ ii ^•r■^>^lalli/.e(^. and it s<'<»ms likely that it was ahle to huild out the 
(■(.iii|»lrti' ••i\-tiil, hccjiu^e licrc. as in ordinary solutions, theiv was a (^onsiderahle differpnee 
in (hn-ify iM-iwrm tin- nia(eri:il on either side of the lK>rder. T^ie tendency hy virtue <if 
whii li liiiL'c ciystjils Lrt«'N\ at tin- expense* «>f small ones in order to decrease the amount oi 
siirfurr pi-opdrtionnl tn the Inilk. apparently o{M>rated as Ix'tween the dense galena and the 
l«s^ den-<- dninniiir. Within thr i:al<'n:i •rystal then' wen* more molecules in a given spare 
than outside it. It is pussiM,- ihai this ]><)itits to a gi'ueral law explanatory of the fart 
that the nietalhr minerals runuiionly replace th<' lighter, nonmetallic. It may hi^ noted 
that in this leL'ion it is rluiracterist ir of the minerals (K'curring metaf)omatic«lly that they 
iirr Well ( rvstalli/eii iiixl i(lionu»rphi<-. 

pisft ili'ifitm iif tL cffins. Mineral- U'lirin*: cn'vices have lieen found tlinmghotit the 

mining aiesj itnii exactly similar cih'n ices, except for the alwence f>f the ores, are found 

thiou^houf a mu<h \\i<ler re«:ion. On tlu" maps ac<-ompanying Whitney's n»ports to the 

State «:eoloj:is|> of Iowa. \Vis«M)iisiu. atnd Illinois luany of thes«» old crevices are laid down. 

On t)u' utiiis >}u'rt< t)f the later Ww'ow^w Vu'\»\v>v»\rv\.\ Svvi'vey the mineral-hearing crevices uf 

fhr nitfit pnnlintiw port ions of the ureu uw s\\ov.\\ \\\ vlwaV ^vA^aW. *\!W >|^\>»x^ ^v!\.T«!c*\^vim 

o/sz/r/i rivvirr^ is sliovvii in PI. V\\ o\ t\us rv'\>^u\ . 0\\\W ^xWxv.XTtv^v^^^^^^'iwiH^^ 

fmr fnrmiwr />/. \'fl| tho hx-tifum «m\ d\nH^\on .A xW Wsv Vxxo>*;xv ct^nV^\^^V^.« 

/// //A". / / tuv s:/m,u n on a larjrer ^Me t\u- t\»'\u\w ^»^^ ^^ ^ r^ \ 
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33, T. 89 N., R. 3 E.), known locally as tlie Pikes Peak area. In this figure are shown the 
crevices, the principal shafts, and the appn)ximate production of galena in poimds from data 
furnished in 1899 by W. H. Guilford. If it l>e remembered that only those crevices are indi- 
cated which have yielded considerable ore, some idea of their abundance will be obtained. 
Perhaps an even better notion of the extent of the old workings in areas where considerable 
lead mining was carried on may be gained from fig. 15, representing the Stacey diggings 
north of Galena. Each small pit represents a shaft sunk for galena, and their number is not 
only indicative of the difficulties of early mining, which prevented crosscutting and the driv- 
ing of long drifts, but also tells something of the abundance of the ore and its nearness to the 
surface. 




Min.Ltft , 

fi«.C7£ I 
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PIQ. 14.— Typical crevice area near Dubuque, Iowa (SE. J sec. ai, T. 89 N., R. 3 E.). showing direction 
of known crevices and approximate pro<itiction in pounds of galena. 

Origin of the crevices. — ^As already indirat*»d, the crevices represent joint cracks enlarged 
by solution due to undei^ground waters. 

Whitney ,<» in his anxiety to distinguish the.st> "gash veins'* from tnie "fissure veins,'' 
stated that "the origin of this class of fissures must in all probability be referred to the con- 
traction of the rock caused by shrinkage either wliile gradually undergoing consolidation or 
from the effect of long exposure to somewhat elevated temperature." It seems probable, 
however, that the difference between gash and fissure veins is (me o( de^Y^S" v^'l ^'sjn Avnyhv^vX. 
father than of genesis. Even a sJight study shows thai '\t \s vmV ol \\\e ij^^^X^v^xv Vci v^ss^mssr 
tJi»^^6^7wcl»iiereiiwveibeen subjected to "elevated lemperaUw^." .VhVw^n o\ W^e ^^'^- 

abo affords ooDvincitig evidence that tlie v can not \>e w^en^d Vc» ^\\yvwV«^v ^'^ VV^'^ ^^ 



^Metallic Wealtli W S., 1K.>4, p\>. \>*^*K 
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i<« mm Hpplird to nN-k>^. SIiriiikiitr«* <*<iuifi {>n»i»iil»ly pnidiut' hiic-Ii nHKtin*M mi on* (tniuiHHiiv 
known as [mikI irHi'ks. Ixit this raiis<> is not tii \n* liglitly aaHumed for other vmcks insHli- 
in«Mitiirv HM-ks. Mud rmrk** ait' nuMt frwjuontly formed in unronBolidated rockn mulhiivp 
ran'ly any contifniity of dinvtion owr wldo aitHLs. 

TIh' cn'vicrs t»f thi^ n'jrion wen* evidently foniMnl mhvr the rock was doloinitized andhMl 
IxTom*' i'*i»«'ntially a«. lirni as now. The. pieat shrinkage, 12 per cent, whieh took piace in 
tlie rhanjrc of th<' limestone to dolomite appan*ntly doe** not expmw itself in these crtrb. 
hut in the iarjre uuimIkt of small eaviiies which distinf^iish even hand specimens of the 
(iak-na dolomite from limestone. 

The <Tevi<"es Imnu' <le(inite relationshi|>s (o ea<'h otlier. Tlie major ones run ven* nearly 
east and w««st. They are erosse<l hy a second set at almost exactly a right ajigle, which U 
sij;nifi<*ant , ns i^ also the fa<-t that the major <Tevices are nearly parallel to the low, hnMil 
folds whieh eross the ri'^ion. 




Fio. 1.'..— Nf.jp sliowiiip rnnioi^s jirul «>!<! workln^rs of «n area north of Galena, 111. Prom map 

fiiniisln'«l l.v Ni'wnmn htuI Smith. 



\Vhen Whitney worked in the re<ri«)M joints, fissures, and fold.s were considered to he radi- 
eally (lilFen-iit sorts of f lnn<;s Tliey are now Ix'lieved to 1k» hut diverse rp.«?ult*J of one gen- 
eral plieiiomeiiori (leforriiat ion. The paiMllelism Ix'tween the major crevices of the region 
jind flic niosf pronoijiire*] folds .>tron«rly su])ports this theory. All the phenomena indicate 
llml jii <ome time later- than the coMsolidat ion of tlie I)eds the strata were 8uhjecte<l to a 
eerijiin amount of strain and that in their effort to aeeommodate themselves to this strain 
they were in pari sliirhtly folded >in<l in part <'raeke<l. When a nx'k or l)ody of n)ck is siil>- 
jeeied to stress it t(MHl> to ohtain relief hy a change of form or of dimensions. All rocks are 
under mon> or les^ si rain, and even relativ<»ly stronjj r<M^ks tend to accommodate thein- 
.selv«»s to the various .stresx<w to whieh they are sul)je<'ted. though the strain may \w no 
/rrf'fifrr tlinii thnt it'suhm^i from \inei\vva\ s\\p\HnV. \\ \\ Y\vcV.\>e\\o\\v'cvspM\%wi&,\v%^^ 
unit: hut if tlwvo h' (Moivnroyi in (UmW\1\ o^s\veuv:.\^\.\W^vvt^v^^\^^v^Vw^siM^*^\<^^'^w^ 
p^^int tnf>^Hnf. Ifthr roek he soft aiu\*\AasVve, u^ \s \yvw vA uavyv^x VVvA^t^x v^^^c«.^\^^^ 
Afnr^unk.r, ,/i;i/,., //,e strain is n<-cM>m,no<Wt.H\\>v Wav vmVov xW^^\^N ^t^^w^— vV^-A 
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individual pnrii(^Ios of ihv. nn-k iiiovo rHtluT tlmii ^reut iiiiusm's of roc*k itself. If i\w rock Ixt 
tliin bedded, and if, furthcnnore, itH charaetM- change from Ix^d to l)ed, a8 is true of the 
Platteville limestone, particularly when interlx^dded with shale, the stresRes act on smaller 
blocks of nx^k and deformation takes the form of immerous small. fractures. It is very com- 
mon to find the Platteville broken up into a large number of small blocks rather than in 
solid ledges. When, however, tlie rock is homogeneous, firm, and of low elasticity, stresses 
are resisted for a longer time and are ultimately relieved by great cracks extending, perhaps, 
for miles. The same amount of defonnation may thus be acconunodated in different ways 
in the different rocks of the same section. Van His** has shown that one rock may be so 
squeezed as actually to flow under pressure, while another under the same conditions is 
merely broken." 

The Galena is a very massive fonnation of considerable ext<?nt and of fair thickne^. It 
is thick bedded, and the bedding planes themselves are not marked by any notable amount 
of shale or other foreign matter. The rock is of low elasticity and has been subjected to 
certain stresses*, which have been relieved by cracking. Apparently there has been very 
little displacement, either vertical or horizontal. The ore-l)earing rocks of the region are 
essentially undisturlwd. The low folds found here are simply the expression of such slight 
earth movements as have probably taken place in all areas. The exceptional develop- 
ment of the crevices is due to the inelastic and homogeneous character of the rock, which 
has allowed the formation of single crevices or bunches of closely parallel crevices extending 
in a fairly constant direction for some miles). C?areful estimates of the amount of possible 
crustal shortening resulting from sucli deformation as the rocks have suffered indicate that 
while it might be sufficient to produce tension joints, the displacement along any single 
plane would be so slight as to pennit no measurable faulting. 

HONEYCOMB RINS. 

Definition and fomi. — The term ** nm " has l)een defined by Jenneyb as " an irregular ore 
body found at the intersection of an ore horizon with a vertical fissure." The openings 
found in connection with the crevices might properly Ix? spoken of, therefore, as runs; but 
since their essential featurt^ is the open ground or a cavity only partly closed by fallen and 
usually oxidized rock, it seems desirable to retain the older local name. Below water level, 
where a cxinsiderable thickness of the Galena formation is present, there are typical nins. 
These correspond in position to the openings found above water level and are believed to 
represent merely an earlier stage in the formation of the ore bodies. At certain favorable 
horizons the ore penetrates the rock for a variable distance on either side of the crevice. In 
such cases the ore body consists of a porous dolomite with the interstices lined or partially 
filled with metallic sulphides. Ixx^ally the open spaces, which are half an inch to 2 inches 
in diameter, equal half the original bulk of the rock. When' the on» is very coarse and the 
fragments of rock are sharp angled, it is oft«n spoken of as sprangle. Where the material is 
less cavernous and there is less distinct evidence of brecciation the tenn lioneycoml) is more 
commonly used. 

Origin. — In some case.s the brecciation is very evident, but in others it seems thet the 
cavities are due mainly to .solution. The two sorts of ore, corresp<mding roughly to honey- 
comb and sprangle. pass into each other in the same deposits. In most cas<»s it seems prol>- 
able that originally the rock was brecciated or partially bn»cciated, allowing free access to 
circulating waters, and that these waters have enlarged the cavities by solution of the semi- 
l)recciated or strained limestone. Thes<» honeycomb de|)osits (x^cur in some places as small 
openings or enlargement,s of a crevice. They also make extensive deposits along vertical 
fimiires and along flats. 

Ores of the honeycomb r nns. The o|x»n spaces m tW \\v>i\e\co\\\V tcvcV «kX^ «t^\w%x\^\vwft.^ 
with A thin sheet ofmarcasUo. On this, comp\ete\y eV>s\\\g. VW s\\\^W\ \T«L«jV\vc^'e.^>5\^«^^» 

« Van niH4\ (\ H., SlxtPtrnth Ann. Kept, l* . S. CumA. Sutvt'N , v^^- ^ ,\W«S. V-^^* 
* Trans. A m. f nnt . M in . Knp. . vol . '2-2 . \ WVt . v . \W . 
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uiui partially filling tlu> Iui-^t oik^s. IniiIi pUeiia aiui bleiidt^ (X'cur. In the. Hazel Green 
mine thom is typical li(in(*v('oiiib on>, a sfM^inien of which is iilufltrated in fig. 16. Tlie 
gray doloinitr lion* shows small irn^giilar cavities that are almoHt all lined with marcasite. 
Tliis MH>ins to {M*notrat<> tlio doloniitr slightly. Itocoining h*sH and I^mh abundant as distanoe 
from the cavity incn*as«»s. The sh«»t of niarrasito c€>M»ring thr surface of the OAvity is 0.5 
to I iiini. thick. On it lM>th galena and hl(>nde (trcur. In the smaller fractures and cavities 
the galena when pn»s4»nt is apt to <K'cupy the entire space and to show a uniform cirsttllo- 
graphic orientation. Ijarge spaces show the free crystal lographic .«*urface.s of t lie galena. 
Bn)wn hiende (K-curs in the same n>lations. Init there is a notable tendency for each mineral 
to Ik* s<»gn*gated and to <H*<Mipy diffen^nt caviti<*s or different portions of the same ct\ity 
rather than to Im» iniergrown. This is not , however, an al)Holute nile. 




\'U.. Hi. ironryr- 



riili <.!••' frMiii 111." ll;i/.ol <^'.ro«Mi m'mo. Un/.A 'inMMi. Wis. m, Marcasito: h. blende: 



In soMH' places tlw fr-jK-tiirrs arc «sn dosi'ly >par('(l and the cavities fomi so large a portion 
of tln' iiia>s tliat tlic «>ic s<'«'ms t«» Kc a hicccia of dolnriiiti". partially cemented by the ."?ul- 
phi<l('>». 'i'liis (irr is the I vpical spraii^lc ore. 

When water- level lia^ sunk helow the Imneyeonil) dejKisits, they are partially or wholly 
oxidized, and zinc earhonate accord injxly Imcoiiu's the most important ore mineral. In .<uicli 
.situations, as jii the I'^itzpatriek mine, no <^liarp line can he drawn U^tween honeycomb nms 
HUf) ordnuiry ofx'ii'mi^. 
Awttntr typ'wnl /joru'vcomb deposits u\ay W \\w\\\\va\ovV\W \\ti7A^\Wi\\\c\\v%,^^Rj^^ 
Jrisomo (Irtiiil o/j />H('es .S*i KS: the \»\ke- Vouk \u\\\*« , u\ \>\\W\».\\w\ \\\^ V.>\eit^T^v«^,^\^'«^«wv. 
^^ S/mwhorrv HUmdo, at Stnuv\>vu\i:e. >uxv\ Wu- uv\>vn' ^^ovV^^^^fs vA \W. ^AvV^TVt>s«s,ii 
Plattovillv. 
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I'ln'lIES AMI FLATS. 



Definition. — The most interesting and uni(iiie forms of ore Ixxiies in the district are the 
flats and pitches. In these the ores follow in part the vertical joint planes, in part the 
l)edding planes, and in part the dipping joint planes. The result is an ore body occupying 
a series of horizontal sheets called "'flats" connected hy a series of dipping sheets or 
** pitches." Many of these pitches are parallel to a main vertical crevice and pitch out- 
ward from it on both sides. The ore spreads out along the bedding planes both toward 
the main vertical crevice and away from it. It also descends from bedding plane to bed- 
ding plane by a number of parallel pitches. The deposition of the ore in the cavities 
formed b\' the combination of joints and bedding has iLsually been accompanied by some 
metasomatic replacement of the country rock, particularly that of the core between the 
two sets of pitches and the vertical crevice. Chamljerlin was the first to recognize the 
peculiar character of these ore bodies and to descrilje them adequately. While a num- 
ber of the mines now working aflford excellent examples of the pitches and flats and are 
described on later pages, it may be conducive to clearness if Chamberliu's original descrip- 
tion be quoted here:<» 

The most curious and significant form of deposit is »>cyond question that of the flats and pitches. 
Among the numerous examples a few must suffice for special description. In some respects the Roberts 
mine, near Linden, though not the most important, furnishes our best initial example. The following 
typical section was made under the 
direction ofCapt John Poad and 
verified by personal observation so 
far as the accessibility of the mine 
would permit. These crevices de- 
scend from above, one near the cen- 
ter and one each on the north and 
south margins of the upper flat, the 
trend of the range being east and 
west. These crevices terminate in 
a fine flat opening about 40 feet wide 
and 1 foot in depth. On either side 
this descends by slopes and steps 
through the lower bed of the Galena 
limestone till the stratum known 
locally as the " blue bed " i» reached , 
at which point the divergent sheets 
are found to be 75 feet apart. On 
the pitches the ore is from 2 to 8 
inches thick. It usually follows 
one main crevice, but sometimes 

branches into minor seams, reuniting )>elow. Through the 
"quarry rock" (not to be confounded with the *' Huff liniestono 







Fto. 17.— Section of flats and pitches of Roberts mine, Linden. 
Wis. n, m, s, North, middle, and south crevices. (After 
Chamberlln.) 



'blue bed" and what is here termed 
• helow,also known us "quarry rock"), 
a narrow^ s^m descends nearly verticall>'! On reaciiing the 'brown rock" the crevice reverses 
its pitch, and on entering the '"glass rock " forms an cxUMisivc flat. 2 fwt in maximum thickness, hav- 
ing a central sag of 3 feet. Below this point tlio disposition .swins to he toward impregnation of the 
rock rather than the formation of well-dcfinod voins. Tyip doptli from th«» upper to the lower flat is 
about m feet. 

The cross section given by Chanil>erliri and reproduced in fig. 17 has Ix'cn widely repub- 
lished and has come to be considered typical for this form of ore body. It has materially 
influenced the conception of the genesis of these peciiliar ore bodies and to some extent has 
served to direct exploration. 

Strike of the filching crevices. — While ('hanil)erli'.'s section is entirely accurate, it is 
believed that certain misconceptions have gr(»wn out of ne<;le(t to reinernl)er that such 
cross sections measure an ore body in only one plane. It is imiM)rtant to inquire more 
particularly regarding other planes, especially lhos4^ at right angles to tUe ww 1\\.W\\v>Jw2nv^. 

As presented in this cross .section and in t\\ose ot t\\e ^\aTHCLe^w \c>^«> > ^K^^XvAft,*^ ^^^^ 



aChambcrliii, T. (\ 
t>Ihid., p. i7S. 
cjhid.,p. 47ti. 
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<»4 ZINC AND LKAD IN UrPKR MISSISSIPPI VALLKY. 

otiM'i-s, lli«' pn'M'iirc of two (Mituunl-pitchiii^ ow ImnIuv* |Nirull(*I to the* tn>iid of tin* iimin 
rn'vicr is <Mii|>husiz4>(i. hi i\\v <i(N«'riptioii of the Mills lodo tlie fac^t is hnmgiit out that to 
ih«' north then* is u third (M|iiivHl(Mit [)it<'!> in tlio rours¥» of the old vortical crevice, or. to 
(|Uott : "Tlu' form of tliis siiinniit flat is not unlike thi|^ of a domestic flatiron, the ndis 
^ra<hially appnmrhin^ each otiier and uniting hi a point directed northward. On the east, 
w<»st . and north i.e.. on the sid<»s and point -this flat breaks down into pitches that decline 
aUmt 45'^. that on the west iH'injr somewhat the steejKWt.'*" Tlie accompanying figurps 
leav<> no (]ouht as to the nortli piteli hieing exactly similar in all particulars to that on the 
east and west. Tlie «)ceurn'n('e was treated, however, as wholly exceptional, and the gen- 
eral notion of the |>anillelism of the vertical and pitching crevices became in time finnK 
hxed. (trant. in UKI.S. called attention to the presence in the Enterprise mine of pitches to 
the east and w(»sl as well as to the south.'* and in the description of the mine given on page 
9^i of this n'jMirt it is shown that at the southwest end of the upper workings the pitch is in 
fa<'t <'ontinuous around a half cin-le. uniting the north and the south pitches in one outward- 
dipping plane, similar to that in the Mills diggings described by Chamberlin. Similar 
phenomena in a numU'r of otluT workings an* described and it is believed that they repre- 
s4>nt normal rather than exceptional conditions. 

In the course of the pnvsent work Mr. Ellis made a detailed survey of typical sectioaw 
near lH)th Potosi and IIhzcO (ireen. mapping the pitching joints with great care in order to 
discover any ajiparent n^lation U'tween them and the dip of the rocks or the vertical joints 
in the area. The n^sults wen> so unpnimLsing that it was not deemed necessary to extend 
the ol)S(>rvations. In PI. X Mr. EllLs's map of the an'a adjacent to the Hoakin and Kennedy 
mines is given. Tlie cxtn'me diversity of .strike of the pitching joints in the most notable 
feature. If the reader ^i\\ examine the various mine maps accompanying this report be 
can not fail to Ik> impn*.s.sed with a similar diversity, which appears the more striking when 
the general n»gularity and gn*at continuity of the vertical crevices is recalled. This dis- 
cordance would pn)l)al)ly Ix' even mon* evident if all the pitches could be illustmted. 

Despite thes<» facts, it is entin'ly tnie that a visitor to many mines in the region would be 
impn'ssed mainly with the pn>s<>nc(> of those pitches which are parallel or approximately 
parallel to the nuiin vertical crevices. It is iM'lieved that this Ls due to the emphaaia of such 
[mrallel pitches by s<'cnndary factors rather than to their real predominance. Streases 
which find relief along an east -west vertical cn^vice would \x» apt to emphasize a parallel 
pitching cirvice, and underground waters flowing in a given direction, whether enlaif^iiig 
their charmels or de))ositing nn\ would 1n> as likely to seek out and emphasize the pitching 
as the vertical crevi<es. It is believed that the verticals or crevices and the dipping joints 
or pit (he-, n'pn'sent two dillerent phenomena. 

The tendency of the pitches is to conform in strike to oblong or elliptical areas, with an 
outward clip in all dire<'tions. 

Or'to'm oftht pitches. — T\\o>^' |M'culiar joints it is Mieved originat^ni in the settling due to 
the consolidation of tlii<ker patches of the oil nn-k. The n'asons for this belief have lxH»n 
aln'a<iy «lis<Miss<»d (pp. \'.i 4tK 

Pnsi/iifn.- The (hits and pitches arc U'st develojx'd hi the lower part of the Galena 
formation. They reacli their maximum siz<' and imi)ortaiice in the l)eds l)etween the flint 
and \\\o top of tlie Platte\ille limestone. They (Mcur. however, as high as the top of the 
flint ImmIs and as low as the "j^lass nxk" of the I*latteville. 

f),(s nf(/n jt'itrliis ami fhifs. The charac'teristic ore of the flats and pitches is the zinc- 
sulj)hide ore. It is in tiiem that l>leiid<> and its a.sstN'iated minerals are most commonly 
found, thout^li this iwuy Im' due to the fact that they are rarely developed above wat<»r level, 
as well as to tliew po-^ition low in the formation. Well-develo|)ed pitches wen-* found alx>ve 
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Fkj. 1h.— ])LMM«niiiiHUHl galena in oil rcx-k from the Kntcri>n«J 
mine. Platteville, Wis. 



water k^vel in the Stewart and Bartlett mine at Dubuque," and yielded largo quantities of 
galena ore. A similar body of galena was found in a well-developed pitch at Elizabeth in 
1903, and is described on page 80. 

The ores found in the pitches and flats Ix^ar eviden<'e of having been formed mainly in 
open spaces. Oustification is common and the various fracture planes and druses are lined 
or filled with the sulphides. In 
the great core of rock between the 
pitched} there is a certain amount 
of disseminated ore, which is due 
to metasomatic replacement; but 
even here the rule seems to bo 
that of deposition in open spaces. 

DISSEMINATED DEPOSITS. 

Definition. — In certain of the 
mines, particularly those in which 
the country rock includes a con- 
siderable amount of clay or shale, 
both blende and galena oceur in 
small, scattered crystals, which do 
not apparently fill previously ex- 
isting cavities. Such ore is known as dis8<»miiiated ore, or frequently as "strawberry 
jack" when the crystals are of blende and of about the size of strawberries. 

The ore fomui flats, usually of slight vertical but considerable horizontal extent. These 

flats in ground plan form long, irreg- 
ular runs, and often show definite re- 
lations to vertical or pitching joints 
which come down through the roof. 

Ores of the dissendnaU'd ore bodies. — 
Blende is more common in such ore 
bodies than galena, and as compared 
with its occurrence in other forms of 
ore bodies iron sulphide is rare. The 
cr^^stals or crystalline masses of both 
blende and galena are usually sharp 
angled and idiomorphir. Tliey varA' 
from A sixteenth to three-fourths of 
an inch in diameter, and occur in cer- 
tain mines in great abundance. Tliis 
sort of ore is illustrated in figs. 18 and 
19, drawn from specimens of dissemi- 
nated galena at the Enterprise mine 
and of blende at the Gnmo. In Iwth 
cas4*s the ore (K'curs in a brown, tiiu^-grained lini<'stone, sucli as is t vpical of the l)eds in and 
near the oil-rock horizons. In a similar specimen from the Tipp<»canoe mine, where soft 
shaly layers of oil nn-k rontain blebs and lons«»s of dolomite, it was noticed that the mineral 
allowed a distinct tendency to replace the dolomite jwrtions of the nK'k rather than the 
shale. 




Fio. 19.— DinseminaUHl blcmiain oil nnk fnun the Gnino 
mine. Mimin, Wis. 
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(W> ZINC AND LKAD IN ri'l'KK MISSISSIPPI VALLEY. 

J'tntition.- I)isHc>iiiiimted on* is found iiminly in the k>wennu«t beds of tlic Cialcna and %!'.e 
iiplMT (Mirtion of th<' PlHttevillo fomiation. It in must alnindiuit in and near the uil-rack 
horizon. In thr sHf; within the pitt'hes disM*miiMit4^ ore is ven' common in the oil-nrk flat. 

Or'ujiti. The diss<'niinated on'n n*pn>H«>nt metaMunatir rt*plai*ement of tlie rock hv on?- 
lN>anng s4»iiitionN. Thi>ir rios4> H.sso<>iat ion with the oil-rock horizon ih lM*lieved to lie due to 
its n^lative ini(N>rvimiHni*s.s and to its high content of (»r)^nic matter :fuitable for the reduc- 
tion of siilpliate .solutions. 

RELATIONS OF TIIK OKK DKl^OHITS. 
OEOORAPHIC DIBTRIBXmOH. 

Thr hx-atioM of the w(»rking mines and <»f old crevices within the rrfnon is ]>erlia{is suffi- 
ciently indicated on the a<'<'oni(>aiiying ma[)s (PLs. VII-XV). Tlie patchy distrihution of 
the ores and the pres(>ncc of harreii gn»und U*twe4'n the various cam p:* lia> lieen alluded 
to. Ill the area east <»f the n^gion shown in these mafis small amounts of galena have 
Inmmi found at various }M>int.s. The t*asteni l)order may therefore l>e r^^rded as being io 
sonic extent indetinite and marked hy a fading out of the producing t<^rritor\' and an increast' 
ill the H'lative extent of the harr(>n iiiterdistrict an'as. Viewed in a lai^» way, however, the 
ea.sterii iHnindary is rather mon» d<'finite, and coincides with the Wisconsin protaxis. which 
.S4'parates the (iaIeiia-IMatteville of southwestern \Vis<*onsin from that of the eastern part »>f 
the State. To the HMitheast the apparent limit of the district coincides approximately with 
the border of tlie Drifth-s.^ Area, ami then* an* reasons founded in the geologic historj' of the 
region which lead to the U'lief that this is a real Uirder as well. 

To th(* south and west tlie )M>undarv of the district is marked by thickening Maquoketa 
shale and Niagara doioiuit*', which not only pn»v<'nt the exploration of the ground, hut 
pn»l)ably <-oiitrol the course of underground cin-ulation. In IHinois and Iowa a numlN^rof 
wells liave U'cii >iiiik through the deeply buried nx'ks of the horizons productive in thf 
mining districts. In only one ease is tluTc any n*<'ord of the finding of galena or blende in 
these wells. At ('iirUm ClilF. 111./' small |)ie<es of zinc blende were found at the Cmleiia 
horizon. 

To the north the vnrioiis viulpiiides <M(ur in small s<*attered lM>dies in the an»a ct»vered hv 
the Prairie du Chien ftunuitioii. Thede|)osits of Allamak(M>(\mnty,Iowa,an* thenortheni- 
iiiosl wiiicii have pn»ve<l workal)le. 

Lo«»k('(i at ill a larger way. there is pos-^ihle signi(ican<*e in the distribution of zinc and lead 
thruiighoiit the Mi>;sis>i|)pi N'alley. In southern Illinois and west-em Kentucky small 
deposits an* found in the Mississippian limestone, which are, in the writer's judgment, pn>l>- 
ahly derived from lower horizons. In southeasteni Missouri the (Hjuivalents of the Galena 
jiiui Pljitteville are i))irreM. .Suiie or<' is found in the etpiivalents of the Prairie du Chien, and 
the l)i^ lejid d<'posi(s oenn- in Camhriaii beds. In northeni Arkansas the ores are found in 
Mississippian limes(<jne and in l)e<is approximati'ly ecpiivalent in age to the Prairie du 
Chien. In soiit hwi'.-^tern Missouri they are in the Mi.ssissippian. but an* l)elieveil to hav»» 
been (leii\e(| from lower beds. In eentral Missouri the ore l)eds st»em to 1h' mainly equiv- 
alent to the Piairie du Chien. In eastern Temu-ssee and .southwestern Virginia they an* pn»!>- 
al)l\ ohh'f. In smithwestein .Vikaiisjis. except the fact that the country ro<*k is made up of 
ahered Paleozoic beds, there is little that is certain. 

RELATIONS TO STRATIGRAPHY. 

(hr <h posits in flu Siiujam t/o/omitt . (iaiena has U'en found in the doU)mit<'s of the 

Niagara formation at a few jioints in the upper Mississippi \'all<«y, although always in small 

<|uantity and ne\«'r in amounts siidicient to warrant mining. Spe<'imcns an» said to have 

/ff'rn foimd iit S/ie/rill .Mound, nt>rt\\ o^ W\\>\vv\\u'. wvuX \v\\s\\v>vv-sft>\\\\ >8».v\va\\^1s have Ik-cu 

/n/if/r to drvrhtp ,<ur]\ deposits near CVmtow u\u\ Xwwww^w, V>\\\\. ^^\\\ \\\v^ ^^.'cs^»s^ wt 
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RELATIONS OF THE ORE DEPOSITS. ()7 

without the region discussed here. Within it only small, isolated specimens of galena have 
been found in this formation, and so far as known no blende has been found, so that for all 
practical purposes the formation is considered to be barren. 

Ore deposits in the Maqfioketa formation. — Crystals of blende and of galena are occasionally 
found in the Maquoketa. The only place in the region, however, at which blende has been 
found in quantity is at the Glanville prospect near Sca,les Mound, 111. (NE. \ NW. J, sec. 24, 
T. 29 N., R. 2 E.). At this point there are certain thin bands of dolomite about the middle 
of the formation in which some blende and baryta occur. The rock is dark colored, earthy 
and of the type commonly found near the top of the Macjuoketa, and is well exposed ak>ng 
the niinois Central Railroad between Apple River and Scales Mound. The blende is 
brown to black in color, and occurs with small crystals of baryta lining druses in both the 
weathered and the unweathered rock. The individual masses are ontvhalf to three-fourths of 
an inch in diameter, but are not sufficiently numerous to warrant much hope of finding a work- 
able ore body. A short drift waij run in on the bed in the winter of 1903-4, but did not 
reveal any considerable amount of ore. 

It is believed that the Maquoketa as well as the Niagara is for all practical purposes 
barren. 

Ore deposits in the Galena formation. TUq great majority of occurrc»nces of ore in this 
region are confined to the Galena formation. It is found at all horizons from top to bottom, 
though locally particular beds seem to be more favorable than others. In the Dubuque 
di-strict three measurably constant horizons favorable for openings are recognized above the. 
flint beds. In Wisconsin certain lower horizons are recognized by such names as green- 
rock opening, brown-rock opening, etc. These do not seem to bi* equivalent in the differ- 
ent districts and are best di.%ussed in connection with the individual mine^. 

Strong a gives the following general section of the beds and opt»nings in the lower portion 
of the Galena: 

Generalized section showing openiwfti in the GuJemt formation. 

Feet. 

< J reeii rock 4 

Green-rock opening 3 

Cs reen rock 12 

Brown rock 12 

Brown-rock opening H 

Brown rock s 

Tliese openings are both in the .Handy dolomite below the flint IhhIs. Bi»1ow them is the 
oil rock or "upper pipe-clay openings," whirh Strong placed in the lower formation. The 
laige ore bodies now worked are found mainly in the l)eds Ik*1ow the flints. The character of 
these beds has already been sufficiently described. 

Ore deposits in the Platteville fonnation.— In tlu' eastrni part of the region, where the 
Galena formation has been largely cut away by erosion, considerabl'.' amounts of ore are 
found in the Platteville. This is mainly in the gla.ss nn-k. at the l)as<» of which in uumy 
places is a thin shale bed that corresponds in chara<'ter to certain phases of the oil rock and 
that is often confused with it. lielow the glass rock is a gray limestone, niagnesian but 
rarely a dolomite, which is also reported to carry ore here antl there. In the midst of the 
quarry' beds below it is not uncommon to fiiul a tliin shale hand, which the minei-s know as 
the "lower pipe clay." It is reported to carry some ore. hut this has not Iwen veri- 
fied. Still lower, between the quarry nxk and the St. Pet(M-. is a well-developed bed of 
clay or shale that is referred to occa.sionally as the "l)ig pip«* clay." It is said that drill 
lioles near Dodgeville have .shown blende at this horizon, hut wherever seen in the field it 
^vras barren. 

Ore deposits in the St. f^eter saml.stont . The vSl . Peu-r \s u Vnwveu UuwwWwax aXww^^x v\^\xv<^ 
^amount of on* has been rvportvd from its top in u few \Av\ces. TXw oV\ v,\vv\n \S\\\\\v\x ^>% 
^ngs havp in particulnr }wvn ritod in this connection. C\\u\\\\h^v\\\\ ^^ v\escY\Wv\\\\\»KK\'^vc^^' 
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fiS ZIN(' AND LEAD IS rpPER MISSISHIPPI VALLEY. 

iMTiirn>ii<'(' of ^ali'iiH hfn*. but hhw no n'a>N)ii for coiiMideniiji; i\w foniiatioo as properly 
(in' lM>ariii};. All tin* oxploration of n^f^iit \varH haa only tin* more cloeely rontirmed 
Ills ('oiicliisioii. 

Ort iUfHMitH in th f'rairif tin Vh'wn fftrmatUm. -The Prairie du CTiien, or "Loa-er Ma^- 
in'.siaii liiiM'stonr." ii-. it whs lonp ra!l«Hl, is a doloiuit^* similar in many respects t<i \\w GhIhm 
and appan*rit ly well •^iiitcMi t(» \n* ttie lorus of on* deportition. (iralena has been found in it at a 
nunilMT of (Miirits. nnd in the afocri'pite a not inconsiderable amount of lead has Ijeen wun 
fnMii this f<»rniat ion. The fMirtiewlar (M*rurn'ne(*s and the poHsibility that more of such ores 
limy Im' foun<l in the future an' discussed on later paf^*s, in ("onm^tion with the description 
of the mines. It will Ix* suHicient hen* to point out that all the known txtnim^nces an* in 
areas where the (lalena and I'latteville have Uvn carritHl away by eni^ion and where the 
t<){M»^aphir situat ion is favorable for the si*eondar>' lodgment of such ore as existed in them. 

Orr (it fMtNltft in HtmrfttrnJ fniMin-s. - Tlie pn»sence within tin* n'^on of certain broad, low 
anticlines and synclines was early n'<*ognized. They were tJaliorately disi-ussed by Chiinh 
ImtIIii.'' who nmched the conclusion that the irregularities were primarily deposit ional in 
i-haractcr and s4>con(larily deformational. lie also made the generalization that the orp 
(l<*|)<)sits were, in th«' main, at least, confined tt» the .syn<'lines. All of the.Hi> conclusions have 
Ihmmi ronlirnied in the cours(> of the ns'ent survey. 

The general shajx' antl depth of the basins have aln*ady be<»n dis(*usHiKl and illustnitod. 
Most of them an* tK*lievcd to hav(> .sutfen^d defonnation so sliglit as to be almt)8t negligible. 
It is pn'fem.»d. therefi»n', to u.si* the nonciimmittal term liasin rather than syncline. TTie 
slo|M' of the sides of thcsi* basins is in miwt cases so gentle as to be n'coguized only by nieaas 
of instniniental surveys. If the Ixittoms of the basins were exposed, they would, with few 
exc4*ptions. have so little slo|X' as Ut Im» thonmghly practicable railway grades. It is diffi- 
cult to conceive of ImhIs JMMng laid down nmch mon' evenly and equally difficult to think of 
lateral pn'.s.sure or tension buckling the b<»ds so slightly. 

(irant . who has esfKMMally studied the.s<' basins and to whos(> painstaking can* their actual 
delimitation on the accompanying nmps is due, has discussed the relations of the ore dep«)sits 
to them,'' with tin* following eonehision: 

It is nut inti'inlt>«l to imply that all I'f tin- •It'po-^it.N of tlio Wix'oiiHiii /.ine and lend n'gion are confined 
to tlu'Sf syinliiijil l)!isin.s, l»iit it is vvn,- rvi<lrnt ttuit a larjri' niiniher of the Import^int deposit* arc .^ 
l(M"ito<l. jiiul tluTi^ ran ho no<]n«'stion a.-* tothf crtiisHJ relation of those Htnictural fomiR to the ore 

«I«»p(isits. 

Chnmberliii. in hi> (liMu.s.^ion of the phenomena. eonsiden»d Ixith the major lines of defor- 
mation, such as I hr .Meeker's (trove ant iclin<". and \\\v .small, shallow sag almost invari- 
ably found iM'tweeii tlie pitches in the miners. The pitches were correlated with the basin 
structure and held to he an expression of the tendency of cracks to divergi* toward the con- 
vex >i(ie when heels are ImmU. On this basis the sag in the mine must l)e considenMl as a 
minor hasin within the larger one and, if related to it as a secondary', tertiarv', or nth order 
expression of the hendinir. should Ix' either ])arallel to the axis of the major l>asinor at a 
right angle to it. Actually there is no c<mstant relatiim l)etwe<»n the two. and in the ca-ses 
where the facts are Im'si kn»)wn the Enterprise pitHies, the Doll, the Mason, the Cokor, 
and others -tlie sag and the jiilches nni at an angling course down the structural slope 
The coriejation of the minor s.ng and the pitches as s<>en in the mine is undoubtedly cor- 
rect, as the relation may evervwln're In* ^rvn to Im- c1os<». As already indicated, howcvrr. 
the strike of the pitches l)ears no constant relation to the dip of the n)cks, which reflects the 
structural basins shown »)n th<' maps. It is believed, then^fon', that the sag and the pitches 
n'preseiit a dillerent sort of phenomena from the laiger basins and that beyond the fact that 
thev occur within the l)asins there is no direct relation. 
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RELATIONS OF THE ORE DEPOSITS. 69 

The fact that the crevice and opening deposits show close relations to the vertical joints, 
Rrhile the pitches and flats are related to the dipping joints and minor sags, has already heen 
itated. The disseminated ores occur usually within the broader, shallower basins, and at 
east in part are less directly related to pitches than to vertical joints. 

REUkTIONS OF THE ORES TO TOPOORAPHT. 

The fact that the deposits of the region liave so far been found under topographic slopes 
"ather than in uplands or bottom lands has long been riTogiiized. ChamberUn quotes with 
ipproval Wilson's observations regarding the crevice deposits as follows: a 

First, where the crevice passes directly under the ridge, at right anglen, it usually encounters close or 
Nirred ground and is lean under the stocp face of the ridge, but develops its greatest openness and rich- 
lesB under the more receding brow, while as it approaches thf< summit it usually pinches up and becomes 
inproductlve; second, where the crevice passes obliquely under the face of a ridge, it is usually meagerly 
productive; and third, where it pursues a course nearly parallel to the surface contour, but neither near 
lie summit nor under the steep face of the ridge, its situation is favorable to productiveness. 

These observations seem well founded and accord with what Is known of the occurrences 
jf ore in the old ranges. Such occurrences are at present relatively unimportant, however, 
18 compared with the lower pitches and flats. The honeycomb ore, originating in the same 
iray as the crevice ore, might be expected to bear the same relations to topography. If so, 
iie Hazel Green mine affords an exception, since the main deposit, recently worked, oc- 
nirred under the bottom land, though, it is true, in a minor valley. 

The pitches and flats have so far been found mainly under topographic slopes. The 
Rowley mine furnishes an exception in a deposit developed under bottom land. It is pos- 
(ible that if the drill be more used in the location of deposits and less attention be paid to the 
>ki workings, an increasing number of exceptions may be found. 

Regarding the topographic relations of the disseminated deposits Grant has recorded the 
oUowing observations: b 

All such deposits that have been seen occur along the sides of valleys wliich have been cut down into 
he Trenton [ Platteville] limestone or even lower. I n other wonis, the oil rock and the shales that sepa- 
ute the Trenton from the Galena are in all cases above the present drainage level of the vicinity. More- 
>ver. as far as seen these deposits octjur near the bottom of small valley.s tributary to the main river 
ralleys. Of course the occurrence of ore in such positions would l:e the first to be recognized in prospect- 
ng, and it may be that this ore will be found not only under these valleys, but also under the higher 
and which separates them. At the present time, however, mining has gone only far enough to show 
hat along those small valleys the on> does occur. 

The explanation of these various relations is doubtless to l>e found in the control which 
opographic form exercises over underground circulation and the exceptions are due to 
structural or other features which outweigh the ordinary agencies. 

With regard to the relations of the region as a whole it may lx» noted that the deposits are 
ound in a nonglaciated area having a mature erasion topography marking a period of pene- 
>Ianation which has heen succeeded by a relatively short epoch of stream cutting. This 
>hy8iographic history is strikingly similar to that of the zinc-lead districts of tlio Ozark 
«gion and of the southern AppHlacliiaiiN.. 

RELAXJONS OF THE ORES TO XJNDEROROXJND-WATER LEVEL. 

The lead ores in this n^gioii have U'cn found mainly uImjvc un<lerground-water level. 
Phe zinc ores have been found mainly Ik»1ow it. The zinc-carlnHiate ores an> found slightly 
kbove and slightly below the water table, while the zinc-sulphide on's are found almost 
•ntirely below. The iron sulphides are found with the blende, as is also a certain amount of 
galena. 
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While (lie lovel of uiider^nnind water in an irregular surface reflecting the inequalitice of 
the prpsi>iit ti>}M»^rni|>hy. h«* a whole it lM*velM the beds from southweat to northeast. It fol- 
lows the pn'sf'iit siirfH<'e. whit'h. as already noted, w a diaaected penepUin. Owing to thr 
^enerHJ <lip of the nx-ks to the southwest, there ia accordingly a greater distance brtwffn 
the oil-HM'k horizon and iuider^>UMd-wat<T level south of Galena and Dubuque than farther 
northeast. Indet'd. locally over the central portion of the area and rather generally in the 
northeastern |K>rti<Mi the oil rcK-k is al)ove water level. 

In the mines now iM'iii^ worked the larv«vst and richest IxKiies of ore are found below th^ 
water level, hut within a short distanc(> of it. 

In s^'veral of the ha.sins in which the mines occur local artesian conditions arc present ftnd 
a ^*neroiis flow of wat«*r is found when a drill hole penetrates the pla.«« mck. General 
artesian conditions (>xtcn(l under the district as a whole, and water may be found in the 
Cambrian sand^t^in** almost 4>verywhcn'. though owing to the topography flowing wells 
are not to Ik? expected. 

RELATIONS OF THE ORES TO TEE OIL-ROOK KORIZON. 

In the discussion of the st i-ati^ruphy attenti«>n waf« called to certain lieds kno^n kxrallv as 
the oil nK'k. As ordinarily found in the mine this material is a brown or black shak", \rt- 
twtMMi the layers of which an' tirin lens<»s or blelw of magnesian limestone or dolomite. The 
. limestone and dolomite an> als<» usually brown and often fine grained and brittle, breaking 
with a rii'un, conchoidnl fractunv These l)eds var^* in thickness from a few inches to 6 or 8 
feet, thou^rh the mIiuIv matter itself dot^s not usually form any siugk^ band more than 1 foot 
thick. Ii<'<ls of shaU' 2 or mon» feet thick di^, however, occur. 

The mo*;t *<trikin<j ixHuliHrity of this nK*k is the presence in it of organic matter in the 
form of fossil <rinn. wliich is abundant not only in the apparent shale but also in the lime- 
stone lenses. This is not curlK>naeeous in the usual sense, but contains so much of the 
hydnxarlxuis that it may usually he readily ignited, at times even with a match, and bunu; 
with a clear, hnninous flame and a petroleum odor. 

r)i.s.s(>mi dated on* is fn^fjueiitly found in the oil riK'k, and pitches and flats an« developed 
alK)ve it. The oil nxk is seldom s<'en in any considerable thickness out.side the mines, 
thoujrh it i> not «>f >U(li )i natutv as to Iw es|x»cially destroyed by weathering. In quarrr 
and natural section^ where the t»i|-rock horiziui <M*curs. it is usually ven* thin and much less 
charaeterivt ir tlinii in inider;rn)un(l workinjrs. It is lM»lieve<l that there is some significant^ 
in thcM* fads, and the trenerali/at ion is ])ri»|M»s<'d that the ore bodies are, in the main, con- 
fined to tli()s«' jin-a.s in wlueli the oil rock is thi<k. Then* an» doubtless exceptions due to 
sjMM'ial cauM's. Apparently the thick oil ro<k. tin* .sa<?. and the well -developed pitches po 
together and the whole xM i>f eot)rdinatr' phenomena are confined mainly to the structural 
hasins aln*adv di.scuss<»d. 

It is Iwlieved that tin* >aix and pitcliinir <Me\ ices an> due to the settling down of the beds 
e(»in<ideut with the coiisolidatioii of the oil rock res\dting from decrea.se in bulk as the moiv 
\olatile ])ortioi! of the or«rani<- mailer was ;:i»('ii olF. In this explanation, account is taken 
of the shaly hands, siinilni- in <'<»itij)osii ion to the oil nick, that are occasionally found befow 
the «:las> rock. The area^ of thi«k oil itxk are Iwlieved to n»pn»sent irregular accumulatioas 
of ihc HMiiains of uni'-ellulai- alL';e within the de|x>sitional basins, which, Iwing later in part 
deformed, are now the sf ru<turjil hasjn^ in wliir-h the ore Ixtdies are found. This hypothesi.< 
is further (Um-usmmI in eoiuie<tion with the irenesis of the on>s (pp. 134-KJ6>. 

a(;k ok thk ohk dkposits. 

The ore hotlies now hein;: e\ploit«'«I sire diHihtle^s due to coneenimtiou or reconcentralion. 

thnmt^h thr urt'iou »»r ordinary \nK\er<ivo\\uv\ nvwVvy-. U vh ditVicult Xo suppose that niurh 

(•(Hirontrntion was e/IVMted until t\\e \\eu\\ Mvu\v\v>VvAxv sXwvV \nv\^ w\\\wvi^Vs^TQ«^wv. \S.v.W 
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were therefore formed not earlier than the late Tertiary and it is probable ttiat concentration 
is Mtill going on. 

The period during wtiich a peneplain i:^ being completed seems especially adapted to the 
concentration of such ores, since the undei^ound waters have then a particularly short 
vertical range as compared with the horizontal component of their courses. Solution 
becomes unusually active relative to abrasion, and the gentle slopes lead to a slow move- 
ment of the waters whereby each portion ha^ time to dj its full share in chemical denudation 
and transportation. These ore bodies, it is believed, were concentrated mainly under such 
conditions, and it is probably significant that the ore.s of the Joplin area, the southern 
Illinois-Kentucky area, and a portion at least of the Virginia fields siLstain similar relations 
to a peneplain of nearly the same age. Whether there wori^ before this epoch ore bodies 
from which the present deposits were developed is less certain and is mainly of theoretical 
importance. 

After the peneplain was elevated and while the pnvstmt stream channels were being cut 
the water level sank and, pari passu, nmch of the ore was carried down a short distance. It 
is believed that to this relatively recent action is due mainly, though not wholly, the present 
vertical arrangement of the ores. 

DESCRIPTION OF MINES AND DISTRICTS. 
GENERAL RELATIONS. 

The grouping of the mines into di.strict.s and subdLstricts Is one of the striking features of 
the region. This grouping has long been recognized and indeed, as point-ed out by Chamber- 
lin,<» practically all the centers of mining were located within the first few years after the 
region was opened for settlement. Certain of these districts, as that of Elizabeth, are 
sharply defined and are .separated from their nearest neighbors by considerable areas of bar- 
ren ground. Others, as the Hazel Green and Benton, are more or less well connected with 
each other. These differences are believed to 1k» not wholly due to the extent to whicli the 
intervening territory has been prospected, but to lx» in part original and genetic. In 
describing the individual mines, therefore, the attempt will \ye made to deline, as closely as 
may be, the separate districts and to discriminate the subgroups of mines. It will be con- 
venient to describe the mines in a general way fwm the southwest to the northeast, since 
thereby those in the upper portion of the formation, the first to Ik* worked and the simplest 
in form and genesis, are first taken up. 

In the following pages no attempt has l)een made t») descrilx* and locate all the mines in 
the region. Many of the old mines have long since l>een abandoned, and the material for 
such descriptions is either lacking or already in print and available to anyone caring to look 
it up. PI. VII shows, with such accuracy as the small scale of the map pemlits, the genenil 
distribution of the old workings and crevices. The data for this map are taken from the 
publications of the older Wisconsin Geological Survey, to which the reader is referred for 
additional details.I> The present significance of these old workings lies in the fact that 
ivcent prospecting has very conunonly shown blende deposits to Ix^ present below the old 
lead workings. This is not a universal nile, and there are g(M)d Reasons for anticipating 
many exceptions. It is, however, so frequently tnie that the old lead diggings l)ecome the 
most important factor in the .selection of ground in prospecting for zinc. 

PI. VII also shows the areas covered by certain hii-ge-.scalc detailed topographic and geo- 
logic maps, which, with the exception of the l)ul)U(|Uc and Potosi sheets, were made under 
the direction of Doctor Grant for the Wisconsin (Icological and Natural Ilistor}- Survey. 
The Potosi map was made by the United States (Icological Survey, but was published with 
the others by the Wisconsin Survey.^ The Dulnuiuc map (PL Vll^wwswwwWVvs N\\v>Xi\^jJ5^ 
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Stutes (t(H>I(jp('al Survey, and has nut yet been published on the laiigie scale. Reduced cop- 
ies of s*mie of tlies*' maps and |wrts of the others fomi plati^s ucconipan\'ing the mine dmrrip- 
tions. On them th<> )^>lo^' and t<>p<ipiiphy in shown by the usual oonventiooA. In addi- 
tion, stmetunil rontours an* shown by heavy darlc-fn^pen lines. Tliesw structural cootours 
nn' drawn on the oil hk'Ic at the Imse of the (ralena dolomite and by subtracting from the 
elevation of the surface, as sh<»wn by the topogniphie contours pritited in bniwn, the eleva- 
tion of (he oil HM'k. as shown by the stnictural contours printed in dark green, the distance 
fn)ni the surface to tlu> priHluctive horizon can be determined. In the ca.se of the Dubuque 
map it is not certain that the contours exactly repreaent the facts. Tlje base of the Galena 
Ls pnictically unkn(»wn ill this <listnct, so the contours have lieen located by subtracting a 
unifonn distanc(> of 2,ii) fe<«t from the base* of the Maqutdceta. Tliis Ls on the assumpti<m 
that lo<-«lly any un4-orifonnity lK>tw<»<'n the Maquoketa and the Galena is negligible and that 
the tialcna is of unifonn thi<'kness. It is not certain that either assumption is entimly co^ 
itH-t. though lK»th HM'm to U'. The map should l)e used with caution until drilling either 
8iib.stantiates or disproves thes<' assumptions. In the following descriptions there is much 
n-pt'titioii. but this is inevitable when any considerable numlx*r of mines are described, and 
«*rvcs a us*'ful pur|M»se in indicating roughly the n'lative fre<juency of occurrence of certain 
fealuH's ill tlu' dejxjsits. Only tlios*' mines are descrilied which were visited by some meni- 
Ikt of ilu» Survey in the cours*' of the work. 

The writer's (»bs<»rvations have Immmi supplemented mainly by those of Mr. E. E. Ellis, 
who assisted him, and of Dr. V. S. Grant, who studitKl the Wisconsin mines, first for the 
Stati' indcjH'iidcntly and later in the cours«» of c<H>pemlive work carried on by the State and 
natitniai surveys. Mis notes, as well as published olwervations, have been fully drawn on 
in preparing the following des<Tiptions. as have tho.se of Mr. Ellis. In addition the writer 
has us<'<l material and noti's that wen' (•(►llected some yt^ars ago while he was connected with 
till' bmu (fcological Survey and that have Ihhmi courteously placed at liLs disposal by the 
pn'sent dii-ector. Since tlu' work was completed a large nuinl)er of old minc^ have l>eeu 
n'opened and addifioiial dc|><»sits hav<' Ix'en lix'ated. Most of these are mentioned in the 
list im pages*) 10. l)Ut even thisisiujt en(in*ly complete, .»*ince only those properties in active 
operation at the tinu' the rcgicm was last visited are noted. 

Certain disiritts have Iweii tn'ated in gn^iter fullness than others womwnically more 
important. U'eaii^i' tiie material available permitted it and for the further reason that thev 
j)articularly wcW exemplify certain features of the deposits. The Dubuque district, for 
example, wliicli at pres<Mit ]>n>(hiees very little ore, affords excellent examples of the crevice 
and opening type of de]>osit^. The Dodgeville district, on the other hand, illustrates eqiialh* 
well the occurrenceN of flats of ore in the gla.ss nn-k of the Platteville. Probably the lx»st 
iype of the disseminated deposits is to Ik* found along Little Platte River, west of Platteville. 
while the honeveomb aiul sprangh' ores are excellently develop<»d at Hazel Green. 

Only the mines in ilie(ialena and IMatteville format i<ms an» descrilx»d by districts. The ore 
found in the Prairie du Chien and lower formations is described separately. 

.MINKS IN IOWA. 

lU'lU gi K niSTHKT. 

Hifitory. — The DuluKjiie mines Nsere the fiist in the Upper Mississippi Valley to l»e 

opeiK'd and amoii*; the first in America to Im' develo|X'd. In earlier years they were the 

most im])ortant source of lead in tlu- world, aside from tlH» mines of northern England and 

Sj)ain. At one time thev were considcMiMl far mor«' valuable than the "lower Mississippi" 

or Mi.ssouri mines, but for nearly half a <'eniurv the h'ad production of this district ha.sbecn 

rrlntivrlv uniinfHntnut. The early nvwunvi, wus v\\\v^vlva\\ov W lead. Zinc ore has been 

krumii to nrcur for ncarlv a ci'ntury. \m\ Ws Wvw vyvA\\c*>v\ v^T\\ «wv^:<^. V^»N. ^^J^ 
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sought, very little punipiug has Lmhmi doiio, aii<l the (ire so fur won has cxmiu* inainiy from 
above water level. At present littl:* mining is iK'inj; carried on, and in describing the 
district it is necessary to rely mainly on existing re{>orts. 

In connection with the first Geological Sur\'ey of Iowa, »}. D. Whitney studied the Dubuque 
mines at a time when lead mining was being actively carried on. His wide experience and 
excellent judgment give his descriptions « unusual value. In 1896 A. G. Leonard gave a 
concise description of the mines and mining industry. ft In 1899 and 1900 the writer, then 
connected with the Iowa Geological Sur\'ey, made a rostudy of the district in cooperation 
with Prof. Samuel Calvin. The report made at that timcc has been very fully drawn on 
in preparing the following pages. The mining industrj' of the Dubuque divStrict has made 
but little progress from 1900 to 1905, so there is little to add to the other report. 

The map accompan3ring this report (PI. VIII) was pn»pared from field 8ur\'eys made by 
E. E. Ellis, assisted by J. R. Bannister, G. II. Cox, and W. J. Read. The distribution of 
the ciievices is taken from a map pn?pared in 1899 by the writer, with the assistance of 
W. H. Guilford, of Dubuque. 

Geographic limits. — Tlie mines of the Dubuque district proper are all within the limits of 
the area shown in the special map (PI. VIII). Most of them are within the city of Dubuque. 
A few bodies of galena have been found in Table Mound and Mosalem townships, to the 
south ; considerable mining has been done at Durango, immediately to the northwest, and 
some lead ore has been found near Sherrill Mound and Rickardsville, in Jefferson Township. 
In 1903-4 a mine was being opened in the northern part of the county south of Buena 
Vista, and in Clayton County mines were fonnerly open near Buena Vista and Guttenberg. 
These outlying mines, except at Durango, have never been heavy producers. 

Otologic posUion. — ^All these mines are in the Galena dolomite and, except the Gutt«nbeig 
mines, all are in its upper portion. Although the entire thickness of the Galena formation 
is exposed within the city of Dubuque, the ores have so far been won almost entirely from 
the upper 100 feet. By far the largest amount of ore so far discovered has come from 
within 50 feet of the top of the formation. Most of the Dul)uque mines are situat<>d on the 
sides of long finger-like ridges reaching over toward the river, and a considerable thickness 
of the overlying Maquoketa shale is commonly passed through in sinking. Tliere is no 
record of any mining at Dubuque within a hundn»d feet of the base of the Galena. 

Character of the ores. — The early mining at Dubuque was directed altogether toward the 
winning of lead ore.s. Galena was the principal mineral mined, though minor amounts of 
cerussite were also found. Pockets of lead ore an* still encountered and individual depasits 
containing over 500 to 1,000 tons have been discovered within recent years. Since 1880 
zinc carbonate or "dry lx)ne'' has lx>en mined niore extensively than galena. This, as well 
as the galena, has so far lK»en mined only alK)ve water level. In the Alpine mine, in 189H- 
1900, considerable bodies of mixed carlxmate and sulphide of zinc were worked, and in 
other properties snnilar ores are known to occur at alnnit the water level. From the Pikes 
Peak mine in 1899-1900 s«n'eral carloads of a mixed blende-galena-marcuaite ore were 
shipped, taken from just lx»low water level. The prevailing low price of zinc and the imprac- 
ticability at that time of cleaning such on»s led to the abandonment of the enterprise. In 
1895 a mixed galena-pyrite honeycomb ore was worked below water level by the Dubuque 
Lead Mining Company, as descril)ed by Ij<»onard.rf This kind of ore Ixidy is unusual. InWh 
for the district and for the region. 

Form and size of the ore bodies. — The on»s at Dubu<jue occur almost entin»ly in crevices 
and openings. Pitches and flat.s have In'en found in only one or two instanc4>s and are 
nowhere well developed in the lK»ds so far invest igatt'd. The cn'vices an» vertical, and 
while north-south and quartering crevices mrur the main ore iKxiies have s<\ C«.^: W^^vv 
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foiiiul ill ra<it-\Vi*st crv\ ir4>>. Tin* liclicst (l<*|M»sitM huvc Im^i'Ii ff>uiid Ht rniHHiiit^. Tlir iiioii! 
(•n>vi('(>s an> usmtllv in I'lctst'Iy S{>»(*(><1 |mrHlk>l gixmps known as ranges, and individiinl 
ranges luuy In> idmtilicd with fair d4>^*4' of (vrtainty for um much aH 2 milos. IVvflti))- 
iiicnt is p'lirnilly ronfinod to h qiittrtcr or a half mile along a range. The on* occurs in 
lioir/^)M(Hl sh(M>i>. or niiis. I<K'ally railed f»{M>nings, from the circumstance that such ruiL< 
air iisuullv in H>fi <ir «>|M'r. jrn»iind. I^'tw<'en opt^nings the crfvic<» is nomialiy verj- narn»w 
<»r f'Mtinly closi'd. tlioutrh in places the on> ext(>nds in vertical slioots or chinuieys fron*. otw 
o(>«>nin^ to t}i«> other. It is <'ustoniarv to nn^ognize three such openings in the district, and 
tlu's<» an* niiml)<'n>d from the top <lownward. While it is not probable that these can br 
widely com*late<1, they have a certain local significan<*e. They are known as the "top." 
"middle," and "thin!" ojM'nings. 

Tile top o|K'ning is the one more commonly worked 'n West Dubuque. It may be seeji 
in tlie <juarries on Flight!) strei't and is represcMiled in Vl VI, .1. It occurs in the hc»avv- 
iHHlded dolomite lying lM>twe4>n the up|)<>r thin iM'ds and the Keceptaculites zone. It is 
ainnit 2i) f<>et alnive th(> hitt(T and 40 fe<'t Inflow the base of the shale. At this horizon 
ther<' is a firm, heavy luyi'r of <lolomit<> al>out 2 J Ot^t thick, kno^-n to the miners as the 
cap HK-k. Ii<'low it is usually another linn l)ed 8 to 9 inches thick, under which come cer- 
tain thinner Ix'ds. wliicli disintegrate easily and produce enlargements or t>peningH where 
the format i<ni is cnKssc'd by the cn'vices. Thes<» openings may be entirely clear or may be 
partially (K-eupied by \veathen>d dolomit<> or dolomite sand. Tlie opening is ordinarily 
a}M>iit 4 feet liigh: but by caving in of the roof and solution of the fragments chimneys arp 
formed, which in places extend up to the overlying shale. This opening is not always 
found at the same hcnizon. but is generally present at or aliove the horizon indicated. 

The middle or s<»<'ond opening iH'curs in the heavy-bedded dolomite between the Rwop- 
taculites zone and the (lint UmIs. In West Dubuque it is ordinarily 40 to .50 feet below the 
cap nx'k of the top o^MMiing. 

The tliini oiM'nin*^ is found alxnit 2H fe<»t 1h»1ow the cap of the second and is the on«' 
wt»rke(l in many of the West Dubuque mines. It is a short distance above the flint l>eds 
as deveiojM'd in this virinity. In the top of the flint IkkIs a fourth opening is itometimes 
f«Min<l. 

.Not all the op<«nings ai-e evervwhi're developed, though it is (>onunon to find two or even 
three in u sin«rl»' sliaft. In cro^s .section they do not differ nmch, and chinuieys often extend 
from one to another. IMtches and flats have not bei^n worked extensively in the Dubuque 
mines, tliou^li a north pitch was found in the Alpine mine leading down from the third 
op<'nini;. and Whitin-y " flLriires welI-d«'velop«'d pitches in the Stewart and Bartlett num* Ht 
a level possibly hi<]jher. 

Ho/ /•//<// niims. At I he t ime of this survey comparatively little mining was Iteuig carried 
on at I)iil)u<|uc. A lit tl(>pilena and smitiisonite were l>eing raised, the principal output bein^ 
from the Avenue Top. the K.iurtcmtli Street, and the (in'cnhouse mines, which wen* o|>er- 
ated. ie>}MM'tiv« i\ . by .h»lin Ali«\ander. Ilird &. Dolan, and Geoige Frost. These an* all 
typical crevice and openiii}^ mines, such as are described al)ove. In the Iowa report** the 
details repirdin^r indixidual <ic\ ice> are <;iven so fully that it seems hardly necessary t<> 
repeat the description. Certain of the mines have already l)een descrilx^d in dis<*ussing 
tlw form of the ore bodies and the main centi'rs of pix)ducti(m are shown on the crevice map 
(IM.N'Illi jiccompanx iM<; this report, in general, it may 1h» said that practically all the 
crevices sho\Mi on the map liaNc been important firoducers of galena, and many have yielded 
zinc carbonate. The Inrjrest tonnage of zinc ore so far shipped probably came from the 
Duran^o mines, to the n(utli\vest, just tuitside the area of the special map. The aggregate' 
prodiK'tion of the n>ine> in s<.( s. Jo and 2<). known collectively as tlie West Dubuque mim^. 
////>, /idwcvi'i; />ee/] c(Hisidera\)\e. T\\ese \\\u\ \\\e otUvr uiines in the district have been 
worked only (/own to water level aiu\ m soven\\ wunvs. wA*NAn \\nr Y^^Y«iJi^\Tv^i«s.33 
and :U, rnnsklvrnhlo blende is kuowu \o iM*cv\T \>*Ava\ . 

"^-<>/<^v .r/ou. , Hall. v.,1. 1. ls:.s.ft«. v.. V. ^>>- ^^^-vvv^..A.Sw.^^.v.^.^S.,Y»«..w 
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Away from the imiiuMliaU' vicinity uf DuIhkjih' the pilciia doloniiio litis not alFurdod nmcli 
ore in Iowa. In Clayton County, near Guttonberg and Bucna Vista, lead ore was fonnerly 
mined, and the old diggings have been descril>ed by I^eonard/* Kee^'ntly an effort has been 
made to reopen certain of the old lead mines soutli of Buena Vista in Dubuque County. 

The Fitzpatrick Mining Company, of which J* N. Britt is superintendent, has opened ft 
mine in sec. 3, T. 90 N., H. I W. The Ma({uoketa shale here c&pH a hmg ridge running out 
to the east, and parallel to the ridge is an old lead range, tnmding N. 85^ W., along which 
Um present workings are located. No. 4 sliaft Wgins about at the top of the Galena forma- 
matioD, and at a depth of 110 feet is connected with the main h'vel of the mine. In the 
pump shaft, located about 1,000 feet to t-he we^t and on lower ground, lower horizons are 
penetrated to a depth of .50 fc»et. The lowest workings are accordingly in the flint beds of 
the Galena fonnation, approximat^'ly 100 feet above the oil HK-k. The present workings 
2^ow the crevice and opening type of ore body. No drilling lias Ix'cn done to detennine 
whether pitches and flats an> present. Both lead and zinc ores are found and in the past 
important amounts of lead ore have Ixn-n shipped. At present '* cog mineral," to the extent 
of only a few tons yearly, is found in the loose dolomite sand of the upper levels. 

The zinc ore consists mainly of blende, thougli there is a little carbonate. Very little 
galena is found in the blende. The ore l>elow water level shows a dark-colored blende 
occurring in a cavernous dolomite with a thin .^heet of iron sulphide between the blende 
and the rock. It is very similar to that de.scrilx>d as found at the Pikes Peak workings, 
southwest of Dubuque, and is of the type called ''honeycomb" or sprangle in Wisconsin. 
Above water level the iron sulphide has l)een largely alt-ered to limonite, and the blende 
is minutely porous. About oO feet east of No. 4 shaft on the main level a face of such ore 
10 feet wide was exposed when the mine was visited. Similar ore was reported approxi- 
mately 100 feet in advance along the course of the opening, having been locat^^'d by a 
winze from a higher level. 

The topographic location of the range parallel to a ridge and part way down the slope is 
very favorable to the concentration of the ores. The prcvsent ore body doubtless repre- 
sents, in the main, concentration at or about an old water level. The top of the Platte 
ville may be seen near North Buena Vista station, at about 050 feet above sea level. It 
shows there no oil rock and only a little shale. At the mine it is too deeply buried to 
allow anything to be determined except by drilling. 

The mine is well equipped with crossliead pumps, steam boiler, and Sampson engine. 
A mill was reported to be in process of building in tlie winter of 1905-6. 

MINKS IN ILLINOIS. 

OENKRAI. STATEMENT. 

The Blinois portion of the upp<'r Mississipj)i X'allcy n>gion was made the subject of spe- 
cial study in the summer of 1903 by the writer, ansistcd by Messrs. E. E. Ellis and A. F. 
Crider. The results of that study have Ummi published in a bulletin, accompanied by a 
special map on the scale of 2 miles to the inch '' Vmm this rc|)ort the following mine 
descriptions are taken, with a few minor changes and additions. 

In the summer of 1903 there were in northern Illinois alnnit fifteen places at which 
mining or prospecting was being carried on vigorously. A much larger numlxT of old dig- 
gings were found in the district, and soin<' of thes*- not impnihahly arc i)rospected mon» 
or less during the winter season. No attempt will be made here to systematically descrilje 
these old workings, but the following brief des<Tiption of the mines visited will illustrate 
what may now be learned about the district and suggest something of what continued pros- 
pecting may be expected to show. The location of <'ach of the mines is indicated on the 
aooompanyiDg map (PL II). For the locations of the cn^vices. so far as they were known 



• Iowa OeoL Survey, vol. 6, 1896, pp. 51 -.Vi. 
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at tho time when lead mining wa*i moni ac't ive, the rpader is refemHl to PL VII and to Whit- 
ney's niap,a accompanying his report to the State geologist of Illinois, together with the 
map of the crevices of the entire district in his later report.6. 

The altitudes given in the following descriptions were all determined by aneroid, checked 
a-s carefully as posMiblc on railway levels. They should be regarded as approximate only. 
In addition to the occurrenc4»s described here, which belong mainly to the Galena, Sand 
Prairie, and Elizabeth districts, some lead has been found near Warren and at various other 
points in eastern Jo Daviess County, extending, in fact, as far east as Freeport, Stephenson 
County. These eastern work in^rs have never l)een extensive and nothing was being done 
in that area when thess investigations were made. 

GALENA DISTBICrr. 

Watern mine. — ^This mine is located on the hill within the limits of the city of Cralena. 
It was for some time under l)ond to the Grant Reduction Works, which sunk several shafts, 
put up a concentrating mill, and shipped about 80 tons of zinc ore before forfeiting the bond. 
The main output lias l)een of zinc ort% and about ."lOO tons of mixed sulphide and carbonate 
ores are reported to liave been shipp(>d. Approximately as much more was in the stock 
piles at the time the mine was visited. In earlier years galena was taken from the crevice, 
but the amount is not known. Drilling for deeper ore bodies is now under way. 

The mine is located on an east-west crevice, which has been traced a mile or more 
along its course. Tlie elevation of the curb of the pump shaft is 762 feet, as determined 
by aneroid. Tliis .shaft starts some feet l)elow the base of the shales, and the present 
workings are in the Ix'ds of the Cralena dolomite lying above the flint. A drill hole on 
the property is n^ported to have encountered the oil rock, at a depth of 228 feet, corre- 
sponding to an altitude of 534 feet above .sea k?vel. 

The main .shaft follows a narrow crevice tlirough solid dolomite into an opening tbe base of 
which, as developed in the summer of 1903, was approximately 100 feet below the surface. 
The ()|xming i.s ctj*en»d with a finii cap rock which marks the upper Receptaculites zone. 
Below the cap nx*k the opening, as first found and as yet shown in the west end of the prop- 
erty, is alx)ut IS inches to 2 feet wide and 3 to 4 feet high. The sides show coarsely ribbed 
sandy dolomite, marked by solution cavities. The Iwttom of the opening is occupied by 
(i(jlomite sand containing broken pieces of rock. Farther east along the crevice this loose 
material has l)e<'n excavated to a depth of 35 feet, the crevice in that depth widening until it 
n'aclu's an avorajje of 10 to 12 feet from wall to wall, with a maximum width of 20 feet. This 
ojxMi cavity is .several hundred feet long The ore was found in the lower 4 to 5 feet of the 
l<H)se material and similar ore may yet be seen at the west end of the stope. Both blende and 
zinc carbonate occur, though the latter is the more common. Minor amounts of galena and 
a little inm sulphi(h* are prestMit . These minerals are found in broken piecesmixed with the sand 
as coating on the fragments of nx-k and the walls, and in small flat sheets running into the 
walls along the iKnlding planes. I'sually there is between the blende and the rock a thin 
film. 1 or 2 mm. thick, of in>n .sulphid<v Not infrt»quently this has been altered to limonite, an 
alteration pnHceding from the wall ixM'k toward the blende. The blende itself shows, on 
weathering, that it represents thin sheets deposited concentrically over the rough surfaces of 
the dolomite. It is often completely altered to smithsonite, though retaining its original 
form. There are a number of small crevices intersecting the main ore, and at such crossings 
the amount of galena is said fo increase. 

Nothing cert uin is known as to the oecuri-ence of lower orc horizons. The present work 
extends to only a few feet Im»Iow water level and not to the horizon at which pitches and 
flat.s, if pn»sent. should !)<» exjx'cted. 

Liide Corporal mine. -This mine is located on a well-developed east-west crevice (S- 
S9j*^ E.) upon wh'u'U for one-haU to t\\ree-^ov\T\\vs vA ^.wvvV oX^n^q^'^sat^ ^x^Sxvdv<»Jt^ b^^ 
dumps. The pivtieut workings are connect e A vf\\X\ \\\o «v\t\w:«> Av^ tsv^ax^ q\ ^ 1aMS^^^SiV«^ 
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deep. The curb of this shaft is at an altitude of 763 feet, slightly bi>low the base of the 
Maquoketa shale. The oil rock is reported from a neighboring drill hole at «')06 feet above 
tide. The workings are accordingly in the beds above the flints, which seem here not to 
extend as high in the formation as usual by a few feet. The workings are now along what is 
locally known as the first pipe-clay opening. Some work has been done 20 feet above this 
opening, but in general the upper ground showed very little ore, and this mine is exceptional 
in that considerable bodies of zinc ore are found when^ no laige body of galena was taken from 
the upper ground. ^ 

At the time the mine was visited the lower drift was approximately 400 feet long. The 
opening varies from 8 to 12 feet in height, being closed usually by a firm cap rock in which 
the crevice is marked by a mere line. In places it could be seen that above the timbering 
there were chimneys connected with the opening. The drift varied in width from 6 to 
16 feet. East of the shaft there seem to be two parallel crevices, one of which is not well 
marked to the west. The ore makes on first one and then the other, and east of the shaft is 
cut off by a bar of hard rock coincident with the crossings of a north-south crevice. The walls 
show the normal cavernous dolomite. The pipe clay, from which the opening is named, is a 
thin parting of clay, not usually more than half an inch thick, but sufficiently impervious to 
have localized the flow of undei^ground water and so to have caused the formation of the 
opening. Apparently water flowed along both its upper and lower surfaces. 

The predominant ore mineral is blende, very little galena or carbonate being present. This 
is one of the cases of blende forming in quantity above the flats and pitches. The present 
work is 20 feet below the plane of permanent water, but is within the zone of oxidation, as 
shown by the brown color of the nx-k and sand. The flow of water is steady, but the amount 
is not known. 

The usual thin film of iron sulphide occurs betwwn tlie blende and the rock, and there are 
occasional large ciystals of pyrite. For this region, however, the ore is unusually free from 
iron sulphide. As a rule the tailings are clean, and the ore does not need roasting and clean- 
ing. As much as 14 tons of concentrates is said to have been produced in a single mill shift. 
The concentrates are said to run from 50 to 60 per cent in zinc and 2 to 4 percent in iron. 
When visited the plant consisted of an 80-ton concentrating mill, a cross-head pump, hoist, 
air compressor, and two drills, the whole driven by gasoline power. Tlie mill started in July, 
1903, but closed down soon after. 

Weber and Cring mine. — This mine includes several shafts along a crevice running N. 85® E. 
The top of the central working shaft is at an altitude of 813 feet. Galena is the only mineral 
shipped. The Dunkel and Link, a similar lead prospect, is located near by. 

Vinegar IHU mine. — In Vinegar Hill Township there arc many old workings and the area 
has p^oduc^ed a large amount of lead. Eff'ort^^ wen» made in 1903 to n»open several of these 
mines, amosg which was the Vinegar Hill mine. Tliis is located in a small ravine nmning 
toward Fever River, the top of the .shaft Ijeing 'SS feet below the l)a.<e of the Maquoketa shale. 
The crevice runs east and we^t and has yielded galena at a depth of 29 fei>t. A new shaft was 
sunk, and a drift run to the east 10 feet l)elow the old workings. A very neat and effective 
equipment, with a gasoline engine for power, was in operation when the plant was visited. 

Fox River Valley mine. — At this mine there are two .shaft,s on an oast-west crevice, one more 
than 95 feet and the other 65 feet deep. The shaft.s In^^in a few fert l)elow the base of the 
shale. Both galena and blende have been found in small quantity. 

Oidenburg :nine. — This, probably the l)est known of the mines near Galena, was not open in 
the summer of 1903. Tliere are two shaft>j, the lower 100 feet and the upper 140 feet deep. 
The altitude of the lower is 800 fe<'t and of the upper 830 fwt, the nearest exposure of the base 
of the Maquoketa shale l)eing 832 feet. This mine has Inn^n descriln^d by Chaml)erlin and 
by Grant. The latter visited it in the summer of 1902, and his de^scription is as follows: « 

This mine is Along an east and west crevice, or rather along tv«o iu^ibltV's v^t«i\\^\cwN\w9^^\\V^^v^\v^^5^ 
towBrd the eoBtem part of the mine. The ore body is in a vertVcaX »\\wV «l1\<\ x^ vvw ^x».wvV vA \\^»^^'^^^»^- ^ 
cowb depoaite. The thickness of the sheot vn rics Irom almost notVvVw?, \\\> V> «.\>o\\V *?Ki \»^^\„ vccvSk.\\.>csa^ 
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Imxmi niiu(><l foru)Mmt>4K)f(<i'l in un oust aii<i \\vM dinH'tioii. A Niiiall Miii<»unt i)f I<mi4 is pretteot. When 
Hinall north and south rrpvicvjj ctohs the main crrvicv thcn> arc usually la iigx>r and richer deposits of ore. 
The cuHtoinar>' order of deposition in the cavitieM in this honeycomb dej)osit t» a thin coating ol mtr- 
casite followed hy hleuile. Mr. Richard Keniunly infonns me that the Iwttom of the mine, whicb is now 
alK>ut 1(K) feet under the toj) of the hill, is still 1(M) to 12.') l«»et alwve the oil-rock horizon. Further work 
hen' will quite pn^biibly deveIo|> sericH of flats and pitches al»ove the oil nx'k. 

XorthuHHtrrn mint. -Tho mine of th<^ Xorthwc'sU^ni Ix'ad and Zinc Company is l<»cftted 
near the Wi.seon.siM iMnindarA'. not far fn>ni the Chicago and Northwestern Railway. It was 
visited in the suBuner of 1904, liaving Ix'cn developed in the prec^^ding winter. Tlie shaft, 
which is 92 feet deep, is located at thel)as«» of the slope at the head of a small tributary of 
Fever River. Tlie workings, which ext<>nd east and west for nearly 200 feet, are mainly in 
the top of the Platteville, inunediately Ix'low the bri»wni dolomit<> of the Galena. The oil 
rock proper is not well developed, but the upp<»r l)eds of the Platteville show as a thin- 
In^dded, nonmagnesian, fin<»-grained limestone, with many thin partings of carbonaceous 
mat(>rial. It has a thickness of IT) feet and is said to rest on an 18-inch be4 of blue clay, 
Vwlow which is the glass rock. A hole drilKnl through the latt4»r yielded a flow of artesian 
water under considerable pnvssun'. 

Tlie ort» (ronsists of thin sheet.s of blende, developt»d along the partings of the rock and 
minor amounts of bri^'cia found in connection with some northward-pitching fracturw. 
Tlie southward pitches have not Ixvn found. At the east end of the drift a quartering 
crevice brings into the main vein an unu.sual amount of galena, which makes in a rich flat. 
Very little iron pyrit<» shows in the mine. The workings are below water level, though 
oxidation extends almost down to them. There is a new and well-equipped mill on the 
property. 

Stacy mine. — The Stacy mine is located in sck*. 21 , T. 29 X., R. 1 E., whore there are numer- 
ous old lead diggings. Tlie pn)|>erty has Ix^en recently drilled and found to contain at k)wer 
horizons a considerable lK)dy of blende, which is now being developed by sinking. A sketch 
of the old crevices and shallow pits is .shown in fig. 15 (p 60), as illustrating peculiarly well 
the great mnnl)er of these pit.s in areas worked over by the old lead miners. 

SAND l'R.\IRIK DlHTRUrr. 

California minr. — This property was reop<»ned in 1903 by the Royal Mining Company. 
It is located near Mississippi River, at the extn>me southern edg*> of the district, in a small 
ravine cutting back into the Niagara e.»*carpment. In the vicinity are a numl>er of old lead 
diggings, which were fonnerly worked by long adits driven in from the edge of the bluff. 
These mines w<»re the scene of giva^ activity from 1849 to 1855, and at that time acquired 
the name "Califoniia diggings." 

The Royal Mining Company located three .shafts on an east-west cn'vici'- about halfway 
up the slop<^ of tlu' ravine which parallels tlu' vein. No. 1, the shallowest, was not visited. 
No. 2 starts in the Mu<|Uoketa .shale and was .sunk through 8 fw^t of that and then 147 feet 
of galena. Then* are two drifts from this .shaft : the main drift, at 105 feet, corresponding 
to a horizon slightly alM)v»' \\\v flint beds, ext4»nds eastward under No. 3 shaft. For a dis- 
tance of (300 feet along this drift more or less galena and blende were won b}' l)oth overhead 
and underhand stoping. The most interesting iM)rtion of this drift is immediately under 
the No. 3 shaft, which was being sunk at the time the mine was visited. At this point 
the drift whs t) to S feet wide and to the east opened out into a large cave similar in all 
r(»spi'cts to tho.se in which in early days the large finds of galena were made. This cave was 
full of water when first encount^M-ed, but at the time of visit the level had been somewhat 
reduced by pumping. At the east end it is alxnit 12 feet wide and equally liigh. It nar- 
rows above to a mere crevice. Below, it was filled with loose nx^k, sand, and chunks of ore. 
On tlw walls were pa tehees of a thin coal'u\\; ol wow ^wX^Vx^v-, wv\ >«\\\ci\v V»\?cs. Vk\«xide and 
/raJena had fomwd as a cnist and in t\\e tor\w <A \rToo:\\W i'\N^View\ twf5.\v;'^v\\«^^\<>^\c\5««i^^\v^^ 
J'ng so much as toadstools. These were commow\y *.^ \o V!> \iv^\vq^\xv ^^y^yvv^v^x «^e^^x«^«^ 
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2 to 4 indH^M frorn the wall. They sch'Iii U) ivprt'seiil tin* fn'c jjrowtli of oi'yK(4ilN in a satu- 
mted solution. Mauy individuHl cn'sUls of galena wtMv of conHiderahU* «izc», im niurli an 2i 
inches being measured on an edge. Apparently, afUT their formation, the condition.s of the 
solution changed, since many of the galena crystals showed faces hollowed out to a true cup 
fonn as if by solution, and such surfaces were coated with a white material, doubtless lead 
carbonate. There was also a small development of zinc carb«)nate by alteration from the 
blende, and a very general oxidation of iron in the rock, n-s shown by the red color of the 
walls and the sand. 

The significance of these facts lies in the circumstance that this whole cave and its con- 
tents underlie nearly the entire thickm'ss of the Ma(]uoketa shale, as was shown in the section 
of No. 3 shaft then being sunk, following a drill hole, to facilitate the ejcc^vation of the ore. 
In the shale there was no sign of either crt»vice or ore, but in the dolomite overlying the cave 
a small crevice showing a very little blende and galena was found. These relations make it 
clear that under favorable circumstiinces large and important Inidies may be found under 
even a very thick cover of the imp<'rvious shale, and also that under present conditions sur- 
face oxidizing waters occur in quantity in the .same situation. The l)earing of these facts is 
discussed elsewhere in this report (pp. 138-141). 

Below the main drift a second was seen, 147 fe<^t b<'low the top of the Galena dolomite. 
This drift, after being driven to the east 100 feet in a bar, was when visit4?d headed in soft 
ground underlying one of the underhand stopes of the main drift. From the behavior of 
the water it was inferred that there was a connection between the two. No flats or pitches 
had been encountered, though the lower level was at a horizon at which they occasionally 
occur, and a diamond-drill hole was later put down in the bottom of the drift in search of 
them. 

Peru or Black Jack mine. — This is a well-equipped prop(»rty not now in operation. Be- 
tween 1876 and 1882 it was a steady producer, shipping ore regularly to the Illinois Zinc 
Company, with which its owners were affiliated. About 1903 a new mill was erected and 
the mine pumped out and examined preparatory to resuming work, but apparently the ore 
reserves were unsatisfactory', as the plant was closed down. It is understood that a second 
attempt to work the property is to l>e made. While the former examination was being 
made for the owners the writer visited the mine in company with the superintendent, Mr. 
Henry Ragge, who courteously supplied the accompanying record of a drill hole sunk some 
years before on the property. 

The shaft curb is at an altitude of 6(K) feet, corresponding to a horizon alx)ut 40 feet below 
the base of the Maquoketa. The workings examined down to 135 feet in depth are in the 
flint beds and show a complicated system of pitches, In'ginning at alK)ut the top of those 
beds and extending dow-n to the lowest horizon accessible. These pitches have a general 
northwest-southeast course, the pitch IxMug to the northeast and .southwest. Tliey begin 
with the "second piptvclay opening." The pipi» clay, which defines an ore horizon, is the 
common clay parting along a Iwdding plane in the dolomite, and is barely 2 inches thick. 

The ore is blende, occurring intimately mixed with iron sulphide. The latter, within the 
limits open to observation, is more abundant in depth at the north end of the proj)erty, 
though it is reported to bc^ less abundant in the inaccessible lower levels. Near the top of 
the workings, 45 feet below the surface, cubes of gah'na three-eighths of an inch in size were 
found plentifully sprinkled over the blende. Additional cube lead was reported, though not 
seen, at least 60 feet l)elow the original underground water level. Tlie ore occurs in thin 
sheets in the pitches and in flats along l)edding planes. Sheets inches thick were oLiserved 
at a few points. 

The occurrence of well-defined pitches and flats so high in the formation is somewhat 
unusual, and their evident former richness is very encouraging to prospectors wockin^^^. 
itill Yuf^er hoiizona in the crevices and openings. 
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The following (liill n'<-onl is of iiiU>nvs( hikI valur iw showing tho pcrsisU'iiiv of llie kmios 
recogniz«»d fnrthor north. The shalo near tho l>as<' (No. 12) rrpresenU, probably, the oil 
nK*k. 

Drill rrcortl at the l^e.ru ininr, Illinois. 

Ft. In. 

2H. (May and nn-k 20 

27. Galena Hmest^nc, "Han<l nwk " 3T 

26. (May. callod ** jiefond pip** clay." (•orreiipondlng to tho adit tunnel level J 

25. (ialena llnieatone. "sand nn-k ' T 

24. (May, * third pi|H' clay ' - :. 

23. (lalena limestone W 7 

22. Brown roek. *' doail o|>eninjc " 10 

21 . Clay, water level 

20. (lalena limestone 11 

19. Clay, "real pipe clay " , 2 

18. Blue limestone opening, ore 4 

17. Blue limestone, ore 12 

16. (?ap over elay iM'd 2 

15. Clay 2 6 

14. Blue to pray hmestone 4 

13. Blue to pray limestone 1 

12. Shale with hlemle I J 

11 . Clay 1 

10. Blue to pray limestone i 

0. Limestone, hanl. brown 1 '- 

K. (flass rook proiM-r 10 

7. Carbona<HK>us shale fi 

<). Blue limestone '1 

5. ( -arhonaceouN shale 3 

4. Blue limestone 2 W 

3. Blue limestone, found in drill holo 10 fi 

2. Shale 1 

1 . Limestone, extendlnp to St. Peter sandstone ? ' 

KI.IZABKTII niSTRKT. 

Winhon rnim- The Wishon niiiu*, I<K*a(od a short di.stanco north of Elizalieth, was an 
irnj>ortttnt producer of load alxuit ISih'). In \9(Y2 the old workings were reopened in a 
searrli for zinc, and a new shaft was sunk 145 to 15() feet in depth.* Tliis was clojied at the 
time tlie place was visited, hut the fornH»r lead workings were reached by means of a near-by 
shaft. 

The workinjrs are devclojx'd along an important <'n»vic<» marked by old nbaft^ for a dl**- 
tance of a milcv Tlic ojH'ning visited is in the (lalena dolomite, just alH)ve the flint lieds. 
The ground shows thorough oxidation, and galena was the only mineral seen. It occurs 
in small pic<*cs in.tiglit crevic<»s, tlie luilk of the on» evidently having been removed. Therp 
is a large aiuouut of o(>en ground with well-defined pitches. Ixith tothe north and the .<)outh. 
rurming down into the flint ImhIs. .\ppar<»ntly a <*onsiderabIe amount of ore has \^een 
taken from this groimd. 

Apj)lf liirfr iiiine. This min«' is located iKirth of KlizalN^tl), on a crevice which has been 
an im|)ortant produ<'cr of lead. In the summer of ItMW an old shaft wa.s being pumped out, 
hut the workings were not sufficiently advanced to fMTmit any examination. The curb of 
the sliaft is To fe<'t lx»low tlie ha.s<^ of the Macjuoketa shale, and the crevice runs N. 71° E. 

Sk'tiif fniru. This mine in HMM was U'ing reo|K'ned by the p]]izal)eth Mining and Milling 

Company. It is hwated on a crevice running \. S.S° E.. the curb l)eing at an altitude of 

f)7.S fe<»t, corresfM)nding to 10 feet 1m»1ow the base of the shales. It .shows well-defined 

pitches to the north and .south at a depth of ?X) feet. The mine has \yoen developed about 

1,200 feet along the south pit<'}i, with crosscuts to the north. The work is l)elow present 

H'HtiT Jovel, hut is ontirt'ly in oxidized grouud. TW otv vm\s\AV^ v>V \wi^tVj ^V^^^^ ^ileaa. 

Minor amounts nf pvrito are found, \)ot\\ as tW wsvmV V\\\v\ v^'v^^tvwV'xw^ v\w ^^w%.\Tv^\sv^^ 

fr^-/c and In distinHhHUs and ci>st.als. Ni> cftrVHrnftVo ol -mw vvccxytv. >^xvew ^xv\s ^ nvvj \^ 

^nmll piocos of blond.. Tlu« ore is nmin\y \u x\xe suux\x v^^^'^^- ^^^^^ mxxxv^^-w. ^^x>»i\^ 
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md verticals run off into tlio core between the pitches, and possibly the whole of the core 
nay be milled. There is no evidence that the ^lena in this case is a secondary concen- 
ratiou, and the amount of it, if it be original, Ls notable. Between May and August over 
100,000 pounds were shipped without any cleaning facilities other than hand jigs. The 
nine has since been a large and steady producer. 

Queen mine. — This property Ls located near the city of Elizabeth, with the curb of the 
haft at 677 feet above the sea, corresponding U) 34 feet l)elow the shales. 

SCATTEBED MINES IN ILLINOIS. 

Vista Grande mine. — This is a small lead mine near Scales Mound and almost on the 
itate line. The curb of the shaft Is 40 feet l)elow the top of the Galena, and the shaft is 
15 feet deep. 

GlanmUe -proirpect. — This is a small prospect alxjut a mile cast of the Vista (irande mine, 
ind LS unique in being in the Maquoketa shale. It is de.scri)x;d on page 67. 

MINKS IN WISCONSIN. 

HAZEL «REEN-BENT()N DISTRICT. 

General. — The Hazel Green-Benton district includes a large, poorly-defined area sepa- 
ated from the Galena, Meekers Grove, Shullsburg, and Fairplay districts by only semibarren 
tretches. The area is traversed by Fever River, whidh with its tributaries has cut down 
o the Platteville, while the Maquoketa shale underlies the ridge upon which the town of 
lazel Green is located. The entire thickness of the Galena formation Ls therefore present 
nd available for mining. The mines now working are mainly below the water table, but 
ven those above it are below the natural water level, which was lowered some years since 
yy an important tunnel driven in from Scrabble (Yeek. 

The geology and topography of the most important portion of the area are shown in 
1. IX, reduced from the Hazel Green-Benton special map of the Wisconsin Survey .o 
]1ie area is one in which there are many small structural basins that do not fall into any 
eadily intelligible system. A general east-west structure is apparent, but the essentially 
M9al character of the basins present and their irregular distribution make it unsafe to 
eoeralize. In the western half of the territory the data available are not yet sufficiently 
omplete to allow the structure to l)e made out. The very large number of crevices formerly 
rorked and the complex distribution arc shown in atlas sheets 31 and 39 of the older Geo- 
3gical Survey of W^Lsconsin.b A characteristic section of the beds near the oil rock was 
aeasured in the Kennedy mine by Mr. Grant. It is as follows: 

Section at Kennedy mine, near Hazel Green. 

Fl. ill. 
. Blue dolomite, Galena. 
. Bands of highly fossiliferoiis limefltono, sonu^ of whicti is typical ^la-^is rock, witti narrow bands 

of typical oil rock 8 

. The main oil rock 2 

. Blue shale, rather soft and almost like clay in places 10 

. OU rock 10 

. Shale similar to No. 4 10 

. Typical glass rock 2 

The thickness of the oil rock in tliis section, as also in the adjacent Iloskin mine, is strik- 
ng. Specimens show the normal chocoluto-rolorod material of light weight and with 
iccasional crystals of galena, blende, or iron sulphide. At the Iloskin mine the oil rock 
hows distinct brecciation, small fragments or l)l(»l)s of broken, twisted, and distorted 
QSterial being distributed through a matrix of nonwul o\\ wwk. 

• Ormat, U. 8., BurchArd, R. F.. ilarieock. K. T., K\\\s. V.. V... a\u\ Vvtv\\w,NS.. ^ .,\\«.tvA vXtv^w-W^vX'n^ 
wet: Bull. Wisconsin GooL and Xat. Hist. Survey No. l\, Ui(>i\. pX. Vi. 
^Atliu Oeol. Survey yVhconsin. 
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Uonlcin and Kennedy ininM. -The^e are among tbe beiit known and most productive 
inines in the rt^gioii. Tliey are Itx^ted on Bull Branch, about 1) miles east of Hazel Gnen 
and immediately south of the old Mills diggings. A special map of the vicinity, made br 
Mr. F^llis, Is shown in PI. X. The underground workings, reduced and generalized, includ- 
ing a |>ortion of tho n\d Mills diggings, were taken fn)m a map courteously fumijihed by 
Mr. Ralph Root, late sufxtrintendent of the lloskin mine. 

The workings extend frt>m the oil nx*k up to the flint beds of the Gakxna, and the upper 
flat in the Kennedy mine is aUmt at water level. TTie Hoskin, or New Deal mine, as it was 
fonnerly called, is niaiiily (level«)|)«»<l along two pitches having tn>nds approximately X. 5l)° 
W. and X. 70° \V. The former is known as the north pitch and dips to the northeast. Tho 
latter is the south pitch and dips to the southwest. Across their end is a third pitch lia^iog 
a general east -west course and clipping south, and another with a north-south c*ourse and an 
easterly dip, so that the zone of pit<'hing crevices s^Hngs around and connects the main 
north and south pitches. To the northwest the two pitches trend farther and farther apart, 
so far as shown by prest^nt development. In the Mills diggings, which are presumed to he 
conm>ctcd with the north pitch of the lloskin, the piteh(*s again swing round an acute angle 
and clos(> in the end of a bttsin. ("hamlx'rlin has descnl>ed the phenomena in the Mills dig- 
gings so carefully that his statement as to their relations, as well as his obser\'atioDS on th-' 
ort»s, may Ih' quot4>d entin': « 

.MoiiK the ciMitrul Hill' of the mining f^ound then* nm8 a fissure descending from the surface through 
the cttp n>ck of tho mine proixT. The fissure has an averaf^ width of only about 2 Inches and caniMa 
little lead ore, with considerable iron rust. On passing through the cap rock, the fissure terminates in 
the main upi)er flat of tlir nune. the ore sheet of wliich is somewhat thickest beneath it. so that the crerkf 
in sai<l to act as a "fi'^Hler" to tlie flat sheet. The form of this summit flat is not unlike that of ad(v- 
me^tic flatin>n. the sides gradually approM'hing each other and uniting m a point directed northward. 
The sheet is sai(i to have reacluKi a maxinumi tliickness of 3^ feet of solid galena — a lM>nanza of its Idnd 
It dips nuxierately to tltc iiortli. dischai-ging its drainages m that direction. On the east, west, and 
north -i. e., on the .sides and point- this flat breaks down Into pitches that decline about 45 degrert- 
that onthe we.st b<'ingsomewluit tbestwjM'st. 

Thes*' pitching shwts sometimes consist of a single large vein, and at others divide into severiil smaller 
ones unite^l by oblique cross veins or by parallel pitches and flats, forming a plexus of veins. \s a fed- 
eral ruh- thes«» minor veins lonfine tlnrnw'lves discn»etly to alwut the width that would necessarily U 
mined out. so that tliey are usually easily wrought as a gang. In their descent the pitching sheets arc 
interrupted by fretjuetit short flats, giving tlie characteristic xigr^ig descent already sufTleiently de- 
scribed. The ore is accustomwl to make heaviest on the "roll." i. e., on the turn from the flat to the 
pitch or the))itch t<» the flat. At the angle where t he sheet turns from the bedding joint into the tran»- 
vers<'fni4ture. a little <»re is aj)t to lea«l onward along the liedding joint. Of ttimes this connects with an 
oblupie ^^<•am farther on n ml joins the nwiin i*\uH^i below, but perhaps oftener it wedges out within a foot 
<»r two. There is fre<iuently a n'entering projection opi>osite this. Sometimes they develop into con- 
sideruble flats. This deposit, as thus far mmo<i. is wholly within the (lalena limestone and the product 
ha^ bt-eu tnainly galenite. In aivonlance with the general rule, however, zinc ore gains on the lead as tbe 
nulling is carried <l(iwn. The hori/ons in whieb the main zinc de|x>slts elsewhere occur have not ret 
bn«n reached, and the further progress of mining here will be a matter of much interest, if it shall deter- 
mine whether the j)it(hing .'^hn'ts jom a great flat stretching under the whole series, and predominantlr 
zinc bearing, as is the »as<* m the mines above descrilKHl and others of this t>TM». 

Iron Nul]>hide, or its decomposition product, tlie oxide, lines the wall of the mine generally and at 
some j)ouits forms a notable deposit. Next this, for th<' greater part, lies Elnc sulphide or carbonate. 
aiul the lead on^ rests upon this aii<l constitutes the main fllllng of the fissure in the upper part of the 
mine. Hut this general onler is siibjtH't to local modifh-ation. 

If, as >urnii.«ic(l, tlic wist pitch of the Mills i'xt<'n<ls down to a conmn^tion with the south 
j)it<li of the llo-skiii, tlicrc should Ik* a tliiid "nose" .somewhere to the west, and the com- 
bined sy.steni of pitclnvs would include a large, triungidar area. 

A inii(juc stnictural feature is the ])rcscncc «)f an upward InMid or anticline lx»tw«M»n the two 

main pitches of tlic lloskin. This was cxpo.^^-d in driving the drift marked A-B in PI. X.to 

<'onncct the t\v«> parts of the mine. The oil nn-k here rises Hl)ove the floor of the drift, though 

undrr thv inniii wjirkinj^s to tbe eus\ vl \s h\ Wus\ VU (evA \v^^^•vv. Tl\e lx»ds above the oil rock 

n'sf with it uiid pnss itvrv the aiituWwc \u u vie\\\\o \m^>x . '\\\v> ^xv^vv^w.^vw Ki\\N\>»\«^\«RV 
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not underetood. So far as obndrvation goes it is wholly exceptional in the Wisconsin mines. 
In other parts of the same mine the normal sag cif the bt*ds away fnmi the pitches may be 
observed, and the true explanation lies possibl}* in the relations of the beds to other pitches, 
of which, as shown by Mr. Ellis's map, there are a great number in the mines. . 

The Kennedy mine, which is immediately south of the Iloskin, shows a well-developed 
system of pitches and flats with a general course of N . 2()° W. Thesc», as in the Hoskin, are 
ronveiiging rather than parallel, but their exact n'lations have not been so well worked out. 

The general relations of these pitch(*s to the stnicture of the region and to other pitches 
exposed at the surface is shown in PI. X. This map is interesting chiefly as showing that 
there is no consistent relation betwe«»n the pitching crcvicw and geologic structure. While 
the mines are located in a well-defined basin, the pitches strike at all angles and are neither 
parallel nor at right angles to its axis. 

The ore in both mines occurs almost entirely in tln^ ])it<'hes and flats, tliere being practi- 
cally no true disseminated ore present. The rock between the main pitches* has, however, 
b«n so crossed and recrtwsed by fracture planes that it is sufficiently inineralizt»d to war- 
rant milling and is often referred to as di.ss<>minated on*. 

Both blende and galena are produced and marcasite and pyrite are abundant. Grant has 
made some interesting observations on the order of deposition of the minerals. His notes 
are summarized below : 

Tho first flat In the Kennedy mine is some 00 firt ubovo tho oil rock aiul in near tlu^ wator level. It 
contains a little smithsonite and much clay and limonit^s inarcasiu* is also very common. Below tho 
water level the flats and pitches aiv seen in greater |)orfe<'tion and here the order of deposition is marca- 
site, blende, and galena. Thick masses of marcasite are seim along the bottom of some of the flats. Along 
the pitches arc occasionally large cubes of galena, and this galena stH>ms to Ix' more abundant near the 
upper flat, where it is altering to lead cart>onate. There are some stalactite-like masses in these flats, and 
in the upper flats the mareasite of these masses has commonly altered to limonite. One such mass 
which was fresh showed the following from within outward: First, a cavity of about one-half inch In di- 
ameter, then a layer of marcasiU> onivhalf nich thick: then^ layer <»f blende one-cjuarter inch thick, and 
outside of this was a layer of marcasite I inch In thickness. Considerable of the marcasite In this mine Is 
later than the blende, although the main part of this iron sulphide soems to have been the first mineral 
deposited. In a number of cases it is found that the order of cnistification has changed several times 
from marcasite to blende. 

The usual order of deposition in the 1 loskin mine Is nian-asite, bh»ndo. galena, and calcite. It isestlmate<l 
that at least three-fourths of the marcasite seen here is earlier than the bltMidc. A common feature of 
this mine is the round. sta'actite-shape<l masses which are made up largely of blende. The common 
order in these sta'actite mass<»s Is. in the (rnter marcasite, next yellow blende, then dark, almost black 
blende in a thick layer, and finally a thin layer of yellow blende. Occasionally just outside of the thick 
layer of black blende Is a thin layer of marcasite. The radiating nature of both the blende and the mar- 
casite is very finely shown In most of tlH'se sj>eclniens. Not Infrequently the core of these stala^'tltes Is 
of galena. In some cases thesi* stalactite-like musses have the outer stirfaiv of marcasite, and It Is not 
uncommon to find both of thes<> side by side. The main part of the stalactlt^'-like masses Is of blende. 
with only a subordinate amount of marcasite. 

The presence of a thin bund of marcasite Ix'twccn tlic blende and tlie porous dolomite 
which forms the wall rock is common here as els«>wherc in the di.strict. The repeated 
banding of the iron sulphide and marcasite is, liow(>ver, inon^ conunon than u.suul. In om> 
sheet two bands of blende with alternating layers of iron sulphide were well developt»d and 
coarse botryoidal layers of marcasite* both alK)ve and Inflow bands of blende are common. 

Gralena occurs both intinuitely intcrgrown with the blende and in well-developed crystals 
showing cubical and (X'tahcdrad surfa<-es scattered over th(» nomial !)lende sheets. Pyrite 
occurs in the same situation, and at the dumps on top of the hill a number of excellent .speci- 
mens of clustered cubes were found (ievelojMHl over a sheet of l)rown blende which ia turn 
rrated upon radiating nu»s.ses of nmn-jisitc. So far as obscrvaition goes the pyrite in this 
area is a recent, s<»condnry njineral. The inarcasitc, on the other han<l. is in part older 
than the blende. 

In the Kennedy mine n nuinlxT of .sjMM'iluous weve o\>\vu\\ev\ s\\ovs\vv?l,cv\v\\.\\\j$:^ v>\. \\^^s^^^^xv^^ 
8uIphideB OB wuILh of (hn^ply oxidized <h>loiu\le, uuV\evv\\\\v» V\\\\\ \\\v v\^\<\vi\v\sj, v;^^«^^ ^w 
neachwg the mine thrnufrU tho wall rock r5\t\\er l\\i\u v\o\vu vVo oto\\v!v-s. ^o\\^ vVv '^'^"^^^'''" 
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und HuKkiii iniuos are well-equipped properties, with steam hoists, air drills, concentnting 
mills, n)asters, and niagneti<} separators. The Mills mine when visited was just being 
H'opened and had not heen e<|uipped. 

Roviey mi tie. — The Rowley mine is Icx^ated a short distance east of the Iloskin, at Bun- 
coinhe, under the lx)ttoin land of (.Vion Branch. It is developed along an east-west range 
which, in the land immediately to the east, is said to have yielded considerable galena. 
The working are in the beds ju.st above the oil rock which shows in the mine sump. In 
fig. 20 the mine workings as developed in 1903 are shown from a map made by Xlr. E. T. 
IIau(Mx'.k. The main crevice is followed by a long drift from which at the east cros8Pui> 
have lxH>n run out to the boundary- pitches. A flat is developed in this part of the mine, and 
lK>th nK)f and floor have a very perceptible sag toward the central crevice and away from 
the pitches. Tlie ore is dominantly blende, though some galena is present. This is much 
more abundant at certain points where quartering crevices come in from the northeast. 
The bulk of the on> .shows crustificiition in open spaces, but the lining of iron sulphide 
apptMirs here to l)e cxmimonly pvrite instead of marcasite. Tliis is, so far as obsenation 
goes, very unusual. 

The mine is located in a snuill structural Imsin at the foot of a long structural slope. It 
is equi])iM'(i with a <'oncent rating mill and roasttT which run part of the time on custom 
work. 

Ida and li/tnde in men. — These mines together work one of the largest sets of pitches seen 
in \Vi.s<-<)n.sin. The Ida covers all of the south pitch and the western portion of the north; 




Sections on double scale 
V\i',. 2<). Plain iirul iT«)ss Htvtion <»f Rowley mine, Buncombe, Wis, 

the lilcndc li.is tin* cast«Mii |M)r(ion. The niinc-j are knMited about IJ miles southeast of 
Bout on. (HI a high tongue of land reaching out mio a big bend of Fever River, at alM)ut 
S7() feet alxjvc stMi \i\\'A. They an» near tiie (»ast end of a small but well-defined structural 
]>!isin and the workinj^s extend from the oil nn-k upward for 70 feet. The range has a gen- 
eral cast -west courH' ]>arall<»l to the trend of the ba.sin. On the north there are several 
paraUcI pit<'hes. the major ones b(Mng about .*i() feet apart. The south pitch is simple and 
r(Mnurkal)ly \\A\ develojM'd. Both pitches have a general dip of 45°, but in their descent 
to the oil HM-k are interrupted l)y flats. It is said that the pitches are as much a,s 2(K) feet 
apart at tlie iiorizon r)f th<» up|)er flat. 

In the uj)per ground the on' now consists almost, entirely of zinc c^irlMinat^^, which <KTurs 

as sheets (i to 24 inches thick in th<» pitches and to a .sulK)rdinate extent in flats developed 

along iM'dding planes and making back into the core U^tween the two pitches. In the zinc 

carl)onale are cry.stals and patches of galena, and the wall nK*k is heavily stained with iron 

as well as nuich leadied and oxidized. At lower levels c4)rres|)onding bodies of blende an» 

found with small crystals, and mas.m^s of galena intergrown and with the usual marcasite 

s<»parating the blende from the wall rock. At a few points small masses of marcasite were 

found 'mU}rgw\\'n witli the blende. Al s^»ven\\ \A\wvs xVw. Wtd^tvaj^ \\\€Lrcasite had disap- 

penred and the wall rtn-k was leac\\ed und oxuWxed. \\\ \\\\v\s\\v\\W\\\\\x^^^&>(Js\^VM:5t'^Mi. 

l//i* nitenuion of blonde to carlK)nate \\ad \>ev^vuv Vv> v^icut \tv>\ax \W q<^tv\«jt c!l ^>cs» ^\». ^v 

^nrd toward thn wnUs of tlie cavity. 
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In the eastern portion of the mines inm sulphide is said to be mora abundant, but it 
seems likely that its increase is relative ratlier than actual, the amount of blende and galena 
being Ums. The lower oil-rock horizon was not accessible when the property was visited. 
No serious attempt has l)een made t4) look for ore in the glass rock or at lower levels. A 
drill hole shows that under the clay bed water under artesian pressure is present. 

These mines have been worked for a long period, the main production having lieen made 
in the last fifteen years. The ore is cobbed and hand jigged and the underground work is 
all done by hand. At present pillars in the upper gnmnd are Ixuiig roblx^d. 

Empreits mine. — In the Empress mine, located e^ist of Shullsburg Branch, in sec. 13, the 
oil rock and beds immediately above are worked. The mine shows the flats and pitches in a 
simple and characteristic development. The ground plan of the mine is shown in fig. 21 , 
from surveys by Mr. E. T. Hancock, with cross sections and crevices added. It is essen- 
tially a flat with the outward pitches developed along an east-west range. In the roof a 
vertical crevice, corresponding in diretrtion U) the major axis of the ore body, shows through 
nmch of the workings. There are, however, other cn>ssing and <|uartering crevices which 
correspond to the crooks and turns of the workings. The vertical was formerly opened by 
shaft from the surface and Ls said to have produced C4)nsiderablo galena in ordinary open- 
ings above. Tlie present workings are opened by tunnel and the ore shows comparatively 
little galena. 




Pillars and wall rock 



Fio. 21.— Ground plan and cross section of Empress mine, Benton, Wis. 

A representative section of the north wall is given Inflow: 

Section in FJmpremi mine. 

Inches. 

9. Dolomite, earthy, brown; some finely diHttoininutiHl iron sulphide and a very little blend 8 

8. Main flat, gonerally regular in thickness and with vcr>- clean blende: the iron sulphide i.s appar- 
ently not much intergrown with the blende. Detailed mea«un»ments: Iron sulphide, 5 inch; 

blende. 1| inctacw; calcitc, 1 inch; blende. 1 { inches; iron sulphide, \ inch 4} 

7. Dark, earthy dolomite with some iron sulphWlc li 

S. Dark, earthy, bituminous dolomite 12 

5. Minor flat; an irregular open cavity with i-lnch lining of bright, clear iron pyriU's above and 

below, and a half-inch band of clean, brown blende on lower surface 2 J 

4. Black, earthy limestone in 2-inch bands. s<*parattHi by i-inch streaks of iron sulphide with a 

very little blende and ealcite 10 

3. Limestone, simflar to atM>ve, with flat o|H'n cavities Iinc<l with iron sulphide and blende 6 

2. Dark-brown, bituminous limestone of oil-nn-k type, wltti <iisseniinat(Kl blende, and one thin dis- 
continuous chert band 14 

1. Dark limestone, with a few irrepilar flats of iron sulphide 24 

Bek>w the workings the regular oil rock, clay ))C(i, and ^las-^ rcK*k are sliown in the sump. 

The mine represents the tendency of solutions traveling down along the vertic^ils to 
spread out along the top of the impervious oil nx*k and clay U^d. T\v^ v>w. VjkAn S^w^Ksi^'iSk 
for its relatiTe]/ huge horizontal dimensions— UK) \)y70t) Kh>X,\va t\o^ ^v^N^^aV^^— ^^ ^'^^ 
portion to ita vertical extent. 
40iA'-(l7 7 
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The Empress mine has a mill equipped with crushing and sizing machinery and with 
Blake electrostatic separators. In 1904 a series of test runs was made and considenble 
high-grade ore was shipped. 

Benton Star mine. — This shaft is located west of Shullsburg Branch, in the northern part 
of sec. 14. It was not running when visited, ]>ut the .stock pile showed bbndc rather free 
from galena in small flats up to 3 inches thick. One such flat showed the following cross 
section: 

Section offioi at Star mine. 

Inchc". 

7. Dolomite, gray with Increasing impregnation of iron sulphide toward the flat I 

6 Iron sulphide, presumably marcasi ic k 

5. Blende, brown, free from galena and Iron sulphide ) 

4. Calcltc J 

3. Blende, as above \ 

2. Iron sulphide, as above, but with occasional color of copper ^^i 

1 . Dolomite, impregnated with iron sulphide as above ) 

The workings are evidently 
in the lower beds of the GaleM 
formation. The ore is cleaned 
by hand jigs. 

TlazelGreen m in<r.— The Hazel 
Green mine is located in an area 
crossed by numerous crevices 
having a general east- west direc- 
tion . The situation of the work- 
ings with reference to these 
ranges and topography is shown 
in fig. 22, redra^^'n from a map of 
the area made by Grant.o The 
mine is opened by shafts located 
on the old Kennedy range. The 
ground plan of the lower woric- 
ings, with cross sections both 
east to west and north to south, 
is shown in fig. 23, from surveys 
made by Ellis. The principal 
workings are in the flint beds of 
the Galena at a depth of G3 
feet. At this depth the vertical 
crevice gives way to a long, 
narrow opening with outward- 
pitching crevices on either side. 
About 20 feet above an ordi- 
nary opening along the crevice 
was formerly worked. It was 
7 to 12 feet wide and was de- 
veloped for an east -west length 
of approximately 300 feet. At 
the east end the ore extended 
upward in a chinmey for 40 feet. 
Tlicse workings are not indi- 
cated in the figures. 

In Iho main working? thoiv i/^ a weW-marWd \^tV\c»\ ^'tv>x\^^. \Tv^^ktf^^twA,^\\k^itchin{! 
crevices ut the sidv. Near the east sWit a co\\v\<^ vA i\\\svT\<>fvx\^ cT^vvifta twt^ ^x^es^^vV,^^ 




Fio. 22.- (Yrvloos and old workings In the vicinity of the Hazel 
(Jrron mino. Unzv] (Jroon, Wi.<j. 



a BuU. Wisconsin Gco\. and ^al. IW^V. ^.utn^V ^o.vxA'J^fe.^.^^ 



MINES IN WISCONSIN. 



87 



abng one of them an open cave lined with blende extends approximately 100 feet. The 
main workings are 12 to 40 feet wide and 8 to 50 feet high. In tlie sump at the west another 
opening may bo seen about 6 feet below the present track. 

All the workings described are below water level and are drained only by continuous 
pumping. The amount of water handled has been estimated at 800 gallons per minute. 

The ore in the upper or "flint opening" was principally blende. Very little carbonate of 
zinc was pressent, and the concentrates were low in iron. The wall rock shows some oxida- 
tion, but the ore has been little affected. The ore found in the main workings is mainly 
** honeycomb " ore or ** sprangle." It is illustrated in fig. 16 (p. 62), which represents typical 
honeycomb ore. The gray dolomite shows small, irregular cavities, which are almost 
always lined with marcasite. This seems to penetrate the dolomite slightly, becoming less 
and less abundant as distance from the cavity increases. The sheet of marcasite covering 
the surface cyf the cavity is 0.5 to 1 mm. thick. On it both galena and blende occur. In the 
smaller fractures and cavities the galena when present is apt to occupy the entire space and 
to show a uniform crystallographic orientation. Larger spaces show the free crystallo- 




Horizontal and vertical scale 
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Fio. 23.r— Ground plan and croRS section of Hazel Green mine, Hazel Green, Wis. 



graphic surfaces of the galena. Brown blende occurs in the same relations, but there is a 
notable tendency for each mineral to 1)0 segregated and to occupy different cavities or differ- 
ent portions of the same cavity rather than to be intergrown. This is not, however, an 
absolute rule. In some of the ore the fractures are so close spaced and the cavities form so 
large a portion of the mass that the ore seems to he a })reccia of dolomite partially cemented 
by the sulphides. This ore is known as " sprangle " or " brangle." 

The cave along the northea.st quartering shows a nearly open space as much as 20 feet 
wide. When the water was first pumped out of this the walls and the blocks of fallen rock 
were crusted over with blende to a thickness of 3 inches. The blende also forms great warty 
masses attached to the wall ]>y thin stems, as in the rave at the California mine in Illinois. 
Here, as usual, the thin layer of marcasite showed Ix^low, and a certain amount of galena was 
associated with the blende. Pyrite showing cr^-stal form also (K*rasionally coats the blende. 
The wall rock back of the ore is porous and in places shows distmct v>'!idda.\\Q.\\. <c?s^\s<l^&. 

At the lowest level, the op^ming refem^d to as seei\ \\\ \.W «N\Yvv\>,VoTvsr3«ivsK^^ ^3j^'v^'^'a'«xv> 
with both galena, and blende present. The galena \ft ivota\>V lTc»m \\vvt \«^V. \>W6.\.\\. 'o^^^^as 
ben in large, well-developed cubes, measuring as mucVi as 2. mcVv^a otw ^t^^ ^^^. 
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The Ilazel Green mine is well equipped with mill and roaster, and also uses an electric 
hoist at one of the shafts. It is an important and steady producer. The lower beds, reach- 
ing down to the oil rock, have not been explored. On neighboring ground to the south a 
number of the old lead diggings are lx>ing explored by sinking. 

Within the district are a numlx>r of mines which were not working at the time the area 
was studied. Mr. Grant has kindly supplied the following notes on such of them as he 
visited: 

n(meid Bob witm?.— This is situated in the SE. J NE. } sec. 25, T. 1 N., R. 1 W., just south- 
east of Hazel Green. It is owned by a Madison (Wis.) company, and in the summer of 1903 a 
large shaft was l)eing sunk. The sinking went on during 1004, but the mine had not then 
become a producer. 

Mermaid iwiVie.— This mine, situaU»d in the NW. J SW.J sec. 19, T. 1 N., R. 1 E., about a 
mile northeast of Hazel Green, is also owned by a Madison (Wis.) company. No mining was 
done here in 1903. In 1904 some little work was taken up, though soon discontinued. The 
mine is situated in the same valley as the Hazel Green mine and alx)ut one-half mile farther 
south. It is extremely wet, and from that fact takes it-s name. Mermaid. 

Keystone. — ^Tliis mine is variously known as the Beninger, Murphy, or Last Chance. It is 
situated in the center of the S. J sec. 19, T. 1 N., R. 1 E., about a mile east-northeast of Hazel 
Green. In 1903 some work was done here on an old east-west crevice, and in July, 1903, tlie 
shaft was down 93 feet, but was producing nothing. 

Strawberry Blonde mine. — ^The ore here occurs in a flat, ranging in thickness from 1 1<> 5 feet, 
and is a typical honeycomb ore. The usual order of deposition in the cavities of this rock is 
marcasite, blende, calcite. A small amount of lead was noted. The ore body, which is now 
exposed in drifts, is 60 to 70 feet wide, and appears to run east-west. The connection of this 
ore body with other flats, or with crevices or pitches, is not evident. Hie mine is well situ- 
ated and equipped, but has not been operated in recent years. 

CcHtman mine. — ^This mine is situated near the center of the S. J sec. 10, T. 1 N., R. 1 E., 
about 2 miles east of Benton. The concentrating mill was built here in 1903, but the mine 
has not produced much ore. Considerable dry bone and some sphalerite were mined here 
before the mill was erected. 

Etna miri<;.— This is in the SE. J SE. J sec. 2, and NE. J NE. J sec. 11, T. 1 N., R. 1 E., 
about a mile north of Etna. The principal workings are about 40 feet from surface and a 
few feet below water level, alonga" ten-o'clock" (N.32° W.),and on flats and pitches in this 
range. There is another ten-o'clock about 48 feet northeast of the first, but this has been 
worked only along the vertical crevice. The ore is mostly in porous, soft, honeycomb rock, 
though there is a little in regular sheets. 

A porous gray limestone bears galena, and below this is an intimate mixture of rock, 
galena, jack, and marcasite, commonly more or less in the honeycomb form. In places the 
galena is very intimately associated with the marcasite. 

There arc many small open spaces in the rock, and those usually show calcito crystals 
with rlioinbohedral habit. In one place where the marcasite is abundant there is said to be 
at times heat enough to cook eggs. Where marcasite is altering at this place are some white 
to colorl(?ss (or greenish) transparent radiating needle-like crystals, bitter tasting, which are 
probably iron sulphat4^ 

Considerable disseminated ore is shown on the dump and is reported to occur in the form 
of a flat. 

In the lowest part of the mine, alM)ut 40 feet from the surface, there are abundant flints. 
Here then* is very little marcasite that is clearly later than the sphalerite, and very nmch 
that is clearly earlier. Occasionally, on weathering, the marcasite inside a layer of sphalerite 
shows a copper stain. 
Saliie Waters. — This mine is near the i\ort\\oast coxiveT v^l ssie.^i^i,'^ A'^.^^A^.^Tftaj New 
I^if^ings. A concentrating mill was built \\ere m \^Yi Vo vjotV v^w «.«fcTvs»^A^\a%sA^\^B» 
from which iu previous years a consid^raUe inmowivt ol ot^ W^ \j«wi X^^msx. '^ia>\ss» 
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was worked to acme extent in 1903, hut did nothing in 1904. The mine is owned by the 
Consolidated Ijead and Zinc Company, of Chicago. 
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Jack ofClvhs mine.— This is in the NE. } aec. 17, T. 1 N., R. 1 E., about ooe-half 
mile southwest of Benton. It is also known as the Dawson mine. It was not worked in 
1904. About 100 tons of blende were produced in 1903, although most of the efforts made 
in that year were devoted to sinking the shaft. The shaft is 130 feet deep, with the main 
level at 35 feet. A drill hole at the shaft is said to have shown 3 feet of oil rock at a depth of 
141 feet, or at an altitude of 752 feet above sea level. From the bottom a drift runs south- 
east 80 feet. The work is along a steep pitch that runs N. 40® W. and pitches 40^-50® to 
the northeast. 

The ore is in sheets (large open cavities along the pitch) and in rough honeycomb form. 
The rock for 2 to 6 feet either side of the pitch is^xceedihgly porous and carries blende 
and much marcasite. The latter mineral is very abundant here, but there is also consid- 
erable blende. 

Coating many of the cavities are small calcite crystals (up to 1 inch across), and these 
rest on the jack or on the marcasite where the jack is absent. 

.In the upper part of the mine — about 25 feet above the bottom — is some coating of mar- 
casite on the jack. This is the only place where this was observed. This marcasite (that is, 
the later marcasite) is older than the calcite. 

MEEKER8 GROVE DISTRICT. 

General. — The Meekers Grove mines inolude the Doll, Trego, Raisbeck, Gritty Six, James, 
and Little Elm. When the district was visited only the first-named mine was working. 
Mr. Grant has, however, published certain notes on the Gritty Six, Raisbeck, and Trego, 
and Mr. F. H. Trego has courteously supplied maps and a section based upon drill records. 

The general geology is shown in fig. 24, based upon the Meekers Grove sheet of the Wis- 
consin Survey .o The St. Peter sandstone and the Platteville formation outcrop in the val- 
leys, while the Galena dolomite underlies the upland. The rocks rise from the south in a 
long, gentle swell, and then bend down sharply to the north. In the extreme northern por- 
tion of the area they begin to rise again. This is the best defined and most pronounced 
anticline so far observed in the entire re^on. The mines are located north of its crest, on 
the steep slope or in the synclinal basin beyond. 

TregOy RaisbecJc, and Gritty Six mines, — The section at the Gritty Six mine is given by 
Mr. Grant as follows: 

Section at Gritty Six mine. 
4. Blue limestono (Galena). Feet. 

3. Layers of yellow and l)luc limestone, with narrow bands of oil rock and some yellow sandy 

shale 4 

2. Main oil rock 2 

1. Blue shale and blue limestone, the shale being rather hard 2 



FlQ. 2.'>.— Maj) of a portion of the workings of the Trego mine. Meekers Orove, Wis. 

Fig. 25 shows a portion of the workings in the Trego mine. These are at an average 
depth of 75 foct Inflow the surface and sliow a long, narrow run of ore paralleling the anti- 
cline. Fig. 26 is a ('ix)ss section from north to south. })a.sed upon drill records and showing 
an inc^eas^^ in the thickness of the oil rock to the nortli, which corresponds to a thickening 
toward the deeper part of the basin. 



^ Grant, U. 8., Hancock, E. T . Kills, K. F.., Verdue,^.3., «i\v\ C.v\^w» K.^.,UwfiK«^ Qxw^^wav. 
^uJL WlBconatn Geol. and Nat. Hist. Survey No. 14, \«»,\A.\^. 
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Mr. Grant's notes on these mines arc as follows: 

Tbeae three minea are probably on the same line of crovice, which runa approximately east and west, 
and the workings are along flats and pitches. At the Trego mine the common order of deposition is (1) 
marcasite, (2) blende. At the Raisbeck there is a noticeable amount of bad te, and incases this is clearly 
■een to be later than the galena. 

At the Qritty Six mine the usual order of deposition is marcasite, blende, and then calcite. In fact, at 
some points in this mine there are very fine masses and crystals of calcite. Another order Is marcasite, 
blende, cavity, and then much marcasite on the lower side of the cavity, especially In radiating, concentric 
arrangement. Occasionally the order is marcasite, blende, cubes of galena. Calcite occurs in places en 
the galena, and near the oil rock is so.-ne barite, which in places Is seen to be later than the calcite. The 
usual order then is (1) marcasite, (2) blende, (3) galena, (4) calcite, (5) barite. In some cases a later 
coating of marcasite is seen on the galena, but whether this coating is ever earlier than the mlcite and 
barite is not evident. The mine is about 90 feet deep and goes down to the oil rock. In the oil rock are a 
few scattered cubes of galena. Small flats are also seen in the upper part of this oil rock. A short dis- 
tance southwest of the main shaft the rock is much broken, and it seems as if the flats were pitching 
down through the o'>\ rock, but this point was not determined definitely. The rocks at this mine dip 
irregularly, but in general there is a dip from 5° to 10° toward the north-northeast. 
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Pso. 20^— Cross section from north to south, based on drilling near Trego mine, Meekers Grove Wis. 

Doll mine. — The Doll mine is located in a pronounced syncline to the north of the main 
anticline. It is unusual in that there were no old workings to guide exploration, and the ore 
body was found entirely by drilling. The workings are in the Galena 20 to 40 feet above the 
oil rock and are along and near a big south pitch (fig. 27). This has a general course N. 30^ 
W. and pitches 45® from the horizontal In the mine ore has been developed along a dis- 
tance of approximately 300 feet, and drill holes indicate its continuation to a total of at 
least 900 feet. The main or upper flat is exposed about 25 feet wide through most of the 
workings, but is reported to show workable ore for a total width of 70 feet in places. In its 
roof are some small vertical crevices, but no particles, and in a crosscut to the north there 
ve several south' pitches. Neither in the under- 
ground workings nor in the drill holes was a north 
pitch found, though to the northeast some drillings 
show ore which may represent it. The main pitch 
is not a straight line, but a line that curves to the 
north, both to the west and to the east of the 
shaft. As developed in 1905 it represented a por- 
tion of a long, gently curved fracture piano. In 
blasting it is found that there are minor pitches 
not containing ore but sufficiently developed to 
control the breaking of the rock. These strike at 
an angle with the main pitch, but dip outward 

from the shaft as it does. A short distance east a similar pitch has been followed down to 
the oil rock in a prospecting shaft. 

The ore consists mainly of blende, but with the usual amount of iron sulphide and irregu- 
lar amounts of galena. The top flat shows more galena than below, and there is also some 
evidence of oxidation there. It is evidently slightly below the normal water level. Wher 
galena is found in the pitch it is intimately intcrgrowu v;\\\v \\\o V^Vw^vj. ^Vvi'^V'B^Xytsi^Jv 
some post-mineral /racturing and cementutiou, aa \s s\vo>nw \i^' V\\^ ^^^k^k^w^^ ^AVx^^^"^^^ 
Mende in a matrix of marcasite. The upper ftal \s uaxivAV's vJotVaXiV \o\ \>. \X\\^^^«s. ^ ^» 
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Fig 27.— Cross section of workings in Doll 
mine, Meokcrs (irovo, Wis. 
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feet. At its top is a sheet of blende 6 to 8 inches thick, as sketched in fig. 28. BeWw, the 
sandy dolomite is cut by irregular fractures, cemented by blende and iron sulphide. Along 
this flat there are small local dips due to irregularities in original deposition, as shown by 
the thickening and thinning of individual beds of dolomite. 

The pitch is usually workable with a breast 4 to 5 feet wide, but the main sheet is a streak 
of nearly clean blende, usually about a foot thick, and clinging to the hanging wall. At the 
place where the upper flat and the pitch join, as much as 2 feet of clear blende occurs. How 
extensively the foot wall is mineralized can not yet be stated, as it has only been crosscut 
at one point. Along the upper flat, as already indicated, the present workings extend back 
for 25 feet and the ore is known to go somewhat farther. 

The mine is opened by the shafts and is well equipped with steam hoists, pumps, concen- 
trating mill, roaster, etc. An excellent grade of ore, running 57 to 60 per cent zinc, is pro- 
duced. 

8HULLSBURG DISTRICT. 

General. — As already stated, the Shullslmtg mines are among the oldest in the region, active 
mining having been begun here under military protection in 1819. The district was note- 
worthy in later years for the fact that it was the scene of the first commercial success in 

dressing the mixed sulphide. It was here that, ten years 
in advance of similar work elsewhere in the region, W. P. 
Blake a successfully roasted and cleaned the ores. 

The general geology of the area is shown on the ShuUs- 
burg sheet of the Wisconsin Sur\'cy.& The most promi- 
nent structural feature is a monoclinal dip to the south- 
west, interrupted by a flat, carrying a small sag. (See 
fig. 4, p. 36.) 

The Little Giant and Helena mines are the two best 
known proi)erties in the district, and were the scene of 
Blftke's work. The Helena was not working when the 
region was visited. Mr. Grant's notes on the Little Giant 
mine are given l)elow. 

TMth Giant mine. — This is situated at the extensive 
open-pit excavation made some years ago by the Wis- 
consin Lead and Zinc Company. From the north side of 
this excavation the present Little Giant mine has a tunnel 
nmning into the hill for about 250 feet. Here ore occurs 
in flats and pitclios, tlu^ pitches (lij)ping toward the north. There is marcasite and a little 
harite in this tunnel. 

Near the south side of the old opi'ii workings the Little Giant mine has sunk a shaft 
through the oil rock. Tliis is about 30 feet in depth and shows the following section: 




Fig. 28.— ("haraotcrlstic section of 
flat in Doll mine, Mockers r.rovc. 
Wis. 



Seciion at Little (riant mine. 

Ft. in. 

C. Yellow decayofl limestone 1 

5. Soft, sandy mftterial. oil rook and soft yellow Siindy day confused with the oil rock mainly in 

the lower half 3 6 

4. Bhie shale 2 

3. Blue shale with thin layers of oil nnk 1 

2. Very hard, eonii)a(t. rin(^graine<l limestone. res4Mnl»linp. hut cr>arser than, the typical glas.*i 

rock fi 

1. Same as the last, but holding small flats and fractures which arelilletl with ore " 

The shaft is wiid to have Ix^en sunk 22 feet farther tlirough the siiino kind of rock, and in this 
rc?ck Is said to ha vo exi.stc<I si mi la r flats and cro\ k*?^ IvUcd w itli ore . At the present time these 

f Tmns. Am. Inst. Min. Eng., vol. 22, 180a, pp. 56\>-5';a. «vxx>\\a^^^ a«-*« ^v»^ 

* Omnt, U. 8., Hancock, K T., Ellia, E. E., Krdue, ^.3., au^iCxV^^t, K. Y.,'&\vxi^tiww%taBM^.^v^ 
yviaconain Oeol. and Nat. Hist. Survey No. 14, 1906, p\. 14. 
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lower woikiDgB are hidden from view on account of water, as they are below the level of the 
creek at this point. The general order of deposition of the ore at this point is marcasite and 
then blende. The rock at this place whicli lies below the oil rock is a hard, brittle, fine- 
grained limestone, and i( has lieen fractured through and through, Che fractures being filled 
by deposition of metallic sulpliides. It is reported that a short distance from this place the 
pitches had been traced actually down through tlie oil rock and the clay which lies below it 
and into this brittle, hard limestone, which corresponds in general to the glass rock farther 
west. 

Hardy and LwJcy Hit mines. — Half to three-quarters of a mile north of the Little Oiant 
are the Hardy and Lucky Hit mines, which have been recently developed. Both are well- 
equipped properties. The Hardy mine is about 80 feet deep, and is working in beds about 
the base of the flints. 

The Lucky Hit mine is working on pitches and flats al)ove the oil rock but near the base 
of the Galena. The range runs N. 70^ W., and the ort^ curries galena, blende, and marcasite. 
The latter is so abundant as to necessitate roasting and magnetic concentration. 

PLATTEVIIXE DISTRICT. 

General. — ^Platteville is one of the best known towns in the region, and is the center of a 
great deal of mining activity. Some of the first and most successful mines in the region are 
located within the town limits, while a few miles west of the town and beyond Little Platte 
River there are two subordinate centers of mining in sections 12 and 18. The general geology 
and topography of the district is sliown in PI. XI, reduced from the special map made by 
the Wisconsin Survey. a The section exposed in the city quarry, which is typical for the 
Platteville formation, has already been given. The most significant structural features of 
the district are an east-west basin under Platteville and a subordinate basin to the south- 
west. The mines are within thost; biisins. 

As is true of the region in gcmeral, (>urly mining here was for lead ores and was confined 
almost entirely to the crevice^s and openings. With the revival of interest in recent years 
the pitches and flats below have come into great prominence. Honeycomb ore also has 
been mined, and along Little Platte River there are some of the most extensive and typical 
deposits of disseminated on< found in the entin» region. Tlie various mines working at the 
time the area was surveyed are located upon the map, but only a few of the t>7)ical will be 
described. 

Enterprise mine. — The Enterprise^ was the first of the new mines to l)eoome largely profit- 
able, and its success has greatly stimulated the development of the district. At the begin- 
ning of 1905, after two and one-half years* operations, the mine had a record of $40,000 
paid in dividends on a capitalization of $20,000. In addition, a plant costing $32,000 had 
been paid for and appn)xiniatoly $1S,(XX) had Ixhmi paid in royalties. The pnK'eeds of sales 
of ore had amounted to alMuit $1S0,0(X), derived from the sale of .something over 7,000 tons 
of blende and GOO tons of galena. In 1005 dividends were paid at the nite of $5,000 a 
month. 

The main shaft is ut 0(K) fe<»t alM)vo s(»a level, and the oil rwk <x'curs at al)out 830 feet. 
The principal mining is done in the 40 feet of rock alM)ve tln» oil rcK'k, tliough higher ore 
horizons are known. Tlie shaft is sunk on a v<Tti<'al east-west crevice, originally worked 
for lead ore. At a depth of 40 fc<'t one of the ordinary oiH»nings wa.s found, carrying 
galena and zinc carlKmatc At al)out iM) fc<>t is a flat of honeyc^»nih ore and immediately 
l>elow are the big pitches and flats from wlu<>h most of th<> ore has <'onie. 

The general cours<» of the <le[H)sil is slijjhtly north of east , and accordingly at an angle with 
the course of the stnictiiral basin in wln<-h it lies. The main work is on a south pitch. In 
the upper workings east pitches and west pitch<\s have l)e<»n fj)und, hut the north \)l(.olvoy. 
have been developtnl only in the e,\t reme westi-ru \h>vV'u>\\ ol VW \\\vw> . W^v; .,>ac?s\^ ^^v^j^^vcw 

'Ormnt, U. S., lUmhuni. K. K.. lIanc<Hk. \v T., \a\W, Y.. Y.., uwOi YvxC^wc,\JL. ^•A^X^N-V^^'^'^ ^^^"^ 
Bull WisooDMin Geol. and Nat. Illst. Su^^'ey No. 14, \«», vV. ^Vi. 
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fig. 29, from a sketch made in the mine, the south pitch circles around and becomes the north 
pitch, completely closing in the workings at this level. Farther east only the south pitch 
has l>een developed. A cross section of this, drawn to scale, is shown in the figure, together 
with two cross sections of the mine workings corresponding to the lines C-D and E-F on 
the ground plan. The cross section E-F is narrower and at a higher level than C-D, so that 
the big flat down to which the pitches come rises to the west. Indeed, it rises slightly 
toward the periphery in all directions, and in form reeembles the end of a great shallow 
spoon. Both the roof and the floor sag about 1 foot in 50 toward the center. The oil- 
rock flat is extensive, especially in the eastern end of the property. 

The oil rock proper is a brown, petroliferous shale about 1 foot thick. Below it for at 
least 4 feet the limestone is fine grained, chooelate-brown in color, and divided by tliin, 
shaly partings. Both lead and zinc ore occurs in th^oil rock in disseminated form, and the 
galena in particular is characteristically sharp an^ed and idiomorphic. This seems best 
explained by supposing that such galena represents metasomatic replacement. There are 
also thin bands or nodules of limestone, apparently magnesian, and these frequently show 
a considerable amount of iron sulphide. 

The ore occurs most commonly in flats and pitching joints. The blende is in sheets from 
a quarter of an inch to a foot thick. It is usually free from admixture of other sulphides. 




Fio. 29.— Sketch of a portion of the Kntcrprise workings at Platteville, Wi«., showing ground pUr, 

cross sections, and pitches. 

hilt in plac<'s small mosses of galena and marcasito are present. Usually the marcasite 
forms a very thin sheet lining the cavities. On top of it is the brown blende, which either 
completely fills the space or forms a thick coating over the man^asite. Calcite is occasion- 
ally found on top the blende. The whole mode of occurrence is characteristic of crystalliza- 
tlon in open spaces, and there is very little, if any, metasomatic replacement. It frequently 
happens that within a fraction of an inch of the thick sheets of blende the wall rock shows 
numerous open spaces, due to the leaching out of fossils or to shrinkage during dolomitiza- 
tion, and thes<^ are quite free from tMt her sulphides or calcit<». In the sheets of blende therp 
an* often sharj)-anj^led little fragment.s of dolomite, broken from the wall rock, reenforcing 
the conclusion that the crystallization was in open spacx^. 

In the lowest portion of the mine Mr. Grant foimd some barite within which were crystals 
of lK)th blende and galena. This mineral is not, however, common either here or elsewhere 
in the region. 

T})e mine is woU equipped with steam \\o\ftl, a\T drills, concentrating mill, and roaster. 
The latter has only recently been added, «\i\cje at ^\t«\, V\w coYvc^x\\>T^\ft9. N;vi\^ ^\ ^nS&jsvv^txN^^ 
A^h grade to he haIMi^ without roasting. It V» no^ ocoiiom\c«\ \» V^xv^^ss >5m.\w»^x.^p%J«^ 
oiat^rial, even with the more expensive treatment BeloT^l\i^Oi.B.x^^^xs«^^\svTs.^Sic.^ 
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Ifr. Benjamin Hodge conaucted a three-day test of the plant, which showed the mill dirt to 
run 17 per cent zinc and the saving to be 86 per cent.a The manager of the mine, Mr. 
J. W. Murphy, has conducted an interesting series of experiments, which suggest the pos- 
sibility of using some of the oil rock for fuel in roasting the ore. Tlie tests are as yet 
incomplete. 

Empire mine. — ^Tlie Empire is a short distance northeast ef 4he Ekiterprise and presum- 
ably on the same range. It is a newer mine, but began milling with a laiger plant and has 
paid dividends faster. Tlie capitalization of the company is $90,000 and the total expense 
before ore sales began was about $35/XX). Up to June 1 , 1905, the ore sales had amounted 
to approximately $156,000, out of which $70,000 had been paid in dividends after meeting 
expenses of mining, up-kecp of plant, and royalties, and accumulating a surplus of $6,000. 

The ground plan of the mine and a cross section are shown in fig. 30 from surveys made 
for the company by Mr. Benjamin Hodge. The work is mainly on a great south pitch, one 
of the best developed in the district, with flats at various levels from the base of the flints 
and the lower Receptaculites zone to the oil rock. Specimens of Receplacidites are abun- 
dant along the upper flat and help to fix its stratigcaphic position. 




Fio. 30. — Ground plan and cross wvtiona of the Empire mine at Platteville. Wis. (From Bur\'ey8 ))>• 

Honjamln IIo<lge.) 

The main pitch varies a little in its coursis as is shown on the map. There are several par- 
allel pitches, and a number of vertienl crevice's may be seen in the roof of the upper flat. The 
north pitch has not so far l)een looat4»d, though in the long eross drift on the lower level 
there are, well to the north, a few tight crevices which have a northerly pitch. It is known 
that in this direction there is at least one large vertical crt^vice, hut the exact relations of 
the ore body to it are unknown, since no drilling has l)een done. 

The oil rock is well exposed in the lower workings and shows about the same thickness 
and character as in the Enterprise mine. The pitch itself carries usually a sheet of ore (i 
inches to 12 inches thick. At the bend where a flat joins the pitch the ore thickens occa- 
sionally to 18 inches of nearly clean blende. The mineralization extends inward from the 
pitch 20 to 25 feet in the fomi of small flats. 

In the eastern part of the mine and at the horizon of U\o. Uv^wi^^x ^"a.V N^\<>\v> \^ 'wxvk^v^ 
within which the ro<yf shows striations ind\cal\i\^ a s\\^\V. \\c\vvia>\\\-^ x«vc»N\s\wiwV- '^>x^'^ 

"Hodge, li., Notes on a mUl test: lAln. M.ag. vo\. VA,3\\\\<j, VS^, vV- v^k^-"^^- 
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striations are molded upon the sheet of ore Ijring next to them, but with a less degree of per- 
fection anf. with rough surfaces. Since there is, as usual, a very thin sheet of marcasite 
between the blende and the rock, and since this is not smoothed and polished, it is beheved 
that the movement took place before the ore was formed and that the sulphides merely pie- 
sent a cast of the striated surface. Drag phenomena indicate that the lower beds move to 
the north with reference to the upper, and while the area affected is measured in feet the 
total movement was evidently only an inch or less. The wall near by shows no evidence of 
horizontal displacement. 

While a small amount of blende occurs in forms suggestive of metaaomatic replacement, 
the common occurrence indicates crystallization in open space. Very little iron sulphide is 
present in the blende, though the usual thin outer crust of marcasite, a miDimeter or so 
thick, is nearly everywhere present. Galena is irregularly distributed, being in places abun- 
dant and elsewhere entirely absent at the same horizon. Calcite fills narrow seams or is 
freely crystallized in open spaces. 

The main upper flat is ordinarily worked with a breast 6 feet high. At its top is a solid 
sheet of blende 6 to 12 inches thick, with the usual marcasite casing. This sheet-is thickest 
near the outer pitch and thins away from it. Below it are thinner sheets joined by reticu- 
lating crovicejt so abundant that the average mill dirt from this horizon is said to run 17 to 
18 per cent in zinc. 



Dolomite 




FiQ. 31.— Sketch of a 8mall shwt of blonde in the Empire mine, showing extensions into the dolomite 

l)elow. 

Tlic surfaces of tho nxjk a\x)vo and below the sheet of ore show slight irregularities. Tliese 
are, however, subdued and similar to those 8(»cn in an ordinary' limestone quarry along bed- 
ding planes. Tliey do not show the pitted cup-shaped cavities and sharp edges which are 
charact<»ristic of solution surfaces on limestone. When the sheets of blende are thin enough 
to allow the comparison to l^e made, the irregularities above and below fit together or mesh. 
If th(* bl(^nde could Ix^ taken out and the lower nx',k lifted, the two would fit snugly together. 
Tliese facts, together with the evidence* of crustifieation already given, are interpreted as 
meaning that the ore formed in an open cavity and that this cavity was not the direct result 
of solution of the dolomite by underground wat<»r moving along bedding planes, but was 
caus<»d by the settling down of the lower layc^rs, so as to leave a fret> space. This interpre- 
tation is n*enfoired by tbe fact that the modc^ of occurrence of the ore is the same in these 
flat sheets as in the pitches and minor open crevices, which are cx'rtainly the direct result 
of fracturing. There is, further, the suggestive fact that in certain places where the blende 
n^aches down into tlie lower layer of dolomite in irregular processes, as shown in fig. 31, 
thf customary hyor of marcasite is absent, except l)etween the processes. The blende 
apparently in thcso prolongations repkcx^d tW AoVomVU* v\\<iV\!kSftv\\«»\lM5«J\N,wA\.W absence 
o/tJw usual cnistificAtion is considered extremo\y s\^\V\q«lIvV,. ^\\<^\v^, wv\i>Bfc\3«iAVwRB. 
^at to pitch, the ore body is so greatly thVckoivcd, \l \a v^^\\>V Wi^X. ^TMm\»X VSaa 
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explanation applies, though in places where there w the usual cnistification it Hccms more 
probable that solution had somewhat onlai^ged the space bcfon* deposition occurred. It is 
ob^-ious that, the angle of dolomite at sucii place being expos(»d to attack on two sides, 
solution would be unusually effective. 

The mine is excellently equipped with pumps, power hoists, drills, eltctric lights, and 
a large well-arranged concentrating mill. 

Other PlaUevUU mijkes. — The Trego and the Groat Northern aw two well-equippctd mines 
immediately north of Platteville, working a well-developed set of pitches and flats. Other 
minea in or near town are the Iliberina, Lucky Four, Highland Park, and Eclipse. 

Little Platte mines. — ^About 3 miles west of Plattt^villo, on LittL> Platte Kiver, tliere is a 
group of mines working on disseminated ore. Tliey include the Graham and Stevens, the 
Capitola, and the Dugdale. A mile farthtT west, on Whig Branch, is the Tippecanoe mine, 
where the mode of occurrence is similar. The ores are oil found in the oil rock at the hasi^ 
of the Gralena dolomite, and all of the mines an*, within a broad shallow structural basin, 
which seemingly has a slight pitch to the east. Tlie tlire<' mines first named are a little 
east of the center of this basin. 

Mr. Grant measured the following mictions at the (irahani and Stevens, C-apitola, and 
Tippecanoe mines: 

Section at the Graham ami Stei'^ns mine. 

Ft. In. 

11. Yellow-gray Uznestone, typical (}alena dolomite 10 

10. Blue Hhale, not aeen, but reported by the niinerH 1 6 

9. Yellow-gray limeatone, similar to No. 11, above 8 

8. Thin beds of blue limestone, separated by narrow bands of oil rock. Frequently this blue 
limestone Is taming brown along the cracks and edges of the bands. This is the chief ore 

horizon, the blende and galena being disseminated through these blue limestone bands. . A 
Y. Oil rock mixed with sandy shale and some thin bands of blue limestone, which carries ore 

In the same manner as No. 8 8 

C. Main oil rock, containing ore also 1 6 

5. Blue shale ; 1 6 

4. on rock 3 

3. A soft yellow to white clay, called "pipe clay '' 1 

2. Black carbonaceous shale or slate % 

1. Buff limestone 1 

Section at the Tippecanoe mine. 

Ft. in. 

5. Thin beds ol blue limestone and narrow bed 8 of oil rock. This i« the ore horizon 5 

4. Mainoilrock 1 o 

3. Blue shale. In places some of this is closely like the oil rock, and at the bottom there is a 

fairly continuous layer of blue to gray-yellow Kof t clay 4 

2. Black carbonaceous shale or slate 2 

1. Hard blue limestone 3 

Section at the Capitola mine. 

Feet. 

4. Ordinary buff Galena dolomite 3 

3. Thin beds of limestone, some of which look much like typical glass rook, separated by thin bands 

of oil rock 5 

2. Main oU rock 1 

1. Blue shale 1 

It will be observed that there is a black slmle present brlow the main oil-rock and ore- 
betaring horizon. Yet it is Wliovod that the clay lH»d found iH'noath the ore n^presents 
the best datum line for dividing the Galena from the Platteville. At the Tipjx'canoe mine 
the sequence is normal down to and including tlie glass nn-k, but along the neighlxiring 
stream characteristic dolomite of the Gah'iia continues downward to Uw \\\\\\ W^ v\ ^^'!^. • 
Platteville usually found below the glass rock. \V\\el\\or V\\\^\9. ^t^v^jxV? Vv\\vj\w\«^:^^w\fc^ 
MS an unconformity or i.s evidence rather of do\on\\l\zaV\oTV«^Rec\A\i!^\^v^v\\5fc.^>^^»^ 
c$n Dot he decided at present. 
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The ore found in these mines is in the main blende. Very little galena is present, and 
iron sulphide is much less abundant here than elsewhere. All three minerals, however, 
occur. The blende occurs in idiomorphic crystals and crystalline masses from a sixteenth 
to a half inch in diameter, both in the (n1 rock proper and in the dolomite lenses and nodules, 
which are interleaved with the shaly material. In the brittle limestone beds the ore fills 
distinct fracture planes and evidently represents crystallization in open spaces. The ore 
in the oil rock seems to represent growth in place by metasomatic replacement and shows 
a distinct tendency to seek out the lenses and stringers of dolomite in the shale. 

The ore occurs in flat sheets or runs, 2 to 4 feet high. These follow the course of nar- 
row crevices in the roof, the mineralization extending along the top of the clay bed 6 to 20 
feet on either side of the crevices. The latter are generally east-west in course, and some 
have been worked above for lead. The clay floor rolls slightly, as under a coal bed, but its 
irregularities do not seem to condition the mineralization. The whole of the evidence 
favors the view that the ores originated by simple downward concentration acting against 
an impervious bed of clay. 

Mr. Gnmi's deacripiion erf the Graham and Stevens mine b giTen below: 

This mine is a typical one of the class of disseminated deposits. The «eotioii'haa alfeady bam given. 

While the work has not developed far enough to show the form and the size of the ore deposit, it 
appears that the main ore is running in a general east-west direction, or, more strictly, probably a 
little south of east. The ore is mainly the disseminated sphalerite, but there is some galena, and this 
is especially the ca.se near the crossing of two crevices in the mine, at which location galena is very 
abundant and seems to replace the sphalerite at least in part. The thin band of blue limefitone found 
above the oil rock is the main ore horizon. Along the cracks and bedding planes of this limestone 
there has frequently been considerable oxidation. By this oxidation some of the marcaaite may have 
been altered, so that its presence is not easily recognized. At the same time there is considerable of 
this rock which seems to be fresh and imoxidlzed. and in this marcasite is very rare, although there 
are occasionally small amounts of it. The practical absence of marcasite from these disseminated 
deposits has already been commented upon. 

The mines are all opened by adits. The Graham and Stevens has a concentrating mill; 
the others clean their ore by hand or in the Graham and Stevens mill on a custom basis. 
The ores are soft and very easily cleaned. In general, approximately 8 to 16 tons of con- 
centrates are produced from 100 tons of mill dirt. The extent of the flats is entirely 
unknown. 

MIFFLIN Diarmicr. 

General. — ^The geology and topography of the Mifllin area are shown in PI. XII, reduced 
from the special map made by the State survey .o Its striking feature is the presence 
of two long, narrow basins pitching slightly to the east. The Mifllin mines proper, the 
Penitentiary and Gruno, are located in the lowest part of one of these basins. A second 
group, sometimes spoken of as tlie Livingston mines, is found in the other basin on its long 
western gentle slope. The area illustrates, perhaps better than any other in the region, the 
location of deposits in gently pitching stnictural troughs, and it is significant that the 
mines are among the most productive in southwestern Wisconsin. 

Penitentiary range. — The Penitentiary range is stated by Strongb to have been opened in 
1842. Up to 1877 it had yielded about 1,500 tons of galena and 12,000 tons of blende. 
The production since that date is unknown but large. The range is spoken of as 300 feet 
wide and the tliickne^ss of tlie deposit as varying from 6 inches to 2 feet. Chamberlinc 
figured a cross section of the range as typical of the occurrence of flats and pitches except 
in the relative unimportance of the pitches. He also figured the occurrence of the dis- 
seminated blende, or "speckled jack," in the oil-rock beds. The mine was opened by a 
level and the deposit was followed .sev(;ral hundred feet in a generally northwest direction, 
which would he diagonally down the structural slope. 



« Grant, U. S., Perdue, M. J., Fulehcr, O. S.. C^x»O.T\.,\^».ivm%\ftt,X.^.»waflL^%A.l^Q,.^.; 
tbeet: Bull. WiacoBBin Geol. and Nat. Hist. Survey ^o. \V,\^^,^V"i. 
J^P^'ogy ot Wisconsin, vol. 2, 1877, p. 721. 
^Jbid,, vol, 4, 18S2, pp. 47^-475. 
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Oruno mine. — ^The Gktmo, located a short distance north and west of the old Peniten- 
tiary range, was the most important mine near Mifflin that was accessible when the area 
was studied. It is located on a topographic slope, the main shaft being at 1,011 feet above 
sea level. The deposit is in the deepest part of the structural basin and has a general 
course N. 18^ W., extending diagonally across the basin. Both cast-west and north-south 
crevices may be observed in the mine, but the zone of mineralization follows a diagonal 
direction. The ground plan of the workings is shown in fig. 32, from a sketch map pre- 
pared by Mr. Ellis. Between 200 and 300 feet east of the present workings is an old range 
similar in many particulara to the deposit now working. 
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Fio. 32.— Sketch map of the Onino workings near Mifflin, Wis. 

In the Gruno mine throe 8t»parate flats connected by pitching and vertical crevic^^'s arc 
worked. The highe^^t is a small sheet above the oil rock, generally worked in connection 
with the glass-rock flat. The area over which this upper flat has proved productive is not 
indicated on the map, but in a general way coincides with that of the glass-rock flat. The 
middle opening Ls in the oil rock, and it do<\s not 8c»em to Ik* ^w^dvietW^ \w ^X\v^. '*x^'%. v5». >^^s^. 
other flats. It is worked over a long, narrow strip \)«Lr«W\\Y\^\\w q\\\^x ^^^' ^wWjvx'?.^'^**^ 
of the glass-rock workings and at a slightly hlgYvor \c\o\. ^B<i\^c«\i\Xvc V^^*^^^^^^^'*'^"*''^'^' 
stretch of relatively lean ground. 
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The diitfieniinaU'd oro in the oil rock is connected with the top flat by a pitch to the west 
and with the glass-rock horizon by a second pitch in the same direction. The latter does 
not sf^cm to lead to good ore at tlie glass-rock horizon , so that the main glass-rock flat in 
east of the pitches, and if the complete set is present there should be a bounding set of 
pitches to the east. It may bo notiKl, however, that here, as in the Penitentiary range, the 
pitches seem to be relatively unimportant and the whole vertical range of the deposits 
slight. 

A general section of the beds seen in the mine would Ix^ as follows: 



General section in Gruno mine. 

9. Dolomito, normal, sandy texlun*.!. 

8. Blende, upper flat 

7. Limestone, fine-grained, in thin IxhIs separated by bituminous partings. 

6. Oil rot'k; bituminous, calcareous shalo 

5. Blue clay 



4. (Jlass HH'k; hard, chocolate-oolore<l limestone. 

3. Shale, dark-brown, hard 

2. Clay, brown to red 

1. Dolomito 



Ft. in. 

2-5 
1-2 
1-2 



The top flat is a shwt of blende varying f rem 2 to 5 inches in thickness. Its position is 
shown in fig. 'S^j, which also jIiows the disseminated ore in the oil rock. Tlie top flat is the 




1. Llmextone altove oil rock. Galena dolomite. 
8. Two-Inch Hhect of blende. 

S. Upper phai*e of oil rook. Thin \te(ln of hard, flne- 
(rralned linieHtono with partinfTH of carbona(.'e<»U8 nhale. 



i. Typical carbonaceous oil rock. 

5. Blue clay. 

6. Olawrock. 



FiQ. 33.— Typical section across breast in oil-rock opening, Gruno mine. 

least important in the mine, though it has been worked the most, owing to its presence 
alx)ve water level. 

Tlie oil rook has two pha.s4\s in this mine, the lower one consisting of from 1 to 2 feet of 
dark-brown carbonaceous shale and the upp<*r one of the same thickness of 1 to 2 inch 
bands of hard limestone of glass-rock texture, alternating with thin layers of typical car- 
Ininaceous oil rock. In the oil rock is a flat 25 feet in width, having a pitch coming down 
from a .sheet on the east side and pa.'^sing into a second pitch dipping into the clay bed 
and limestone l>elow on the west side. Where the ore pitches through the uppt»r phase of 
the oil rock it occurs as thinly dis.seminat<'d blende in large crystals, but as it passes into 
the carlwnaceou.s shale it fonns a flat, 1 to 1} feet in thickm^ss, of very thickly dissemi- 
nated ore in small cry.stals from 1 to 4 mm. in diameter. On the west side, as the ore again 
pitches and pa.s.ses into the clay bed Ik'Iow, it forms loost^ rounded aggregates of crystals 
varA'ingin diameter from ont»-fourth inch to 1 inch, called locally "strawberry jack." The 
ore then forms a pitching sheet in th(» ghiss rock, but has not lx»en found to lead to any 
important ore Iwdies below. All of the (lis.s< niinated ore i.s entirely free from marcasitc 
and is milling on* of exc4"ptionally high grade. 

The^lass rock coiLsists of from 3 U^ 5 feet of band.s of crystalline limestone and dolomite 

and is separated from the oil rock a\H)ve \>y a.i\ \\\\v\s\\\\\\\ \w«lN>j wcvd wmtorm bed of clay 8 

/o 10 inches thick, while the bottom ot iW g\ivss vockVs umvV.v»^\\>N \\\w>.\K>\\v-M\^3h^:5«W!W^ 

carlwnnceous ahulo. Below tliis sliale Vie 2 lo \ VucWs o\ Wo^xv v\^n , «i:\«a«^.mTj»w»Nft 

* bright^red color. The ore occupies a \xon/.ou2 Vo VleeV ^^^vcV•m^WmAe^^Y«^^^^'^ 
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gjaas rock and occurs mainly in sheets one-fourth inch to 2 inches in thickness along the 
bedding planes, although many irregular scams of blende traverse the rock layers between 
the horizontal sheets (fig. 34). In some places, however, the rock manifestly has been shat- 
tered and the blende occurs as a cement in a 
breccia of sharply angular marcasite; but there 
is frequently in the rock next to the blende a zone 
impregnated with the iron sulphide to a thick- 
ness of one-half inch. 

A notable feature of the ores of this mine is 
the very small amount of galena and iron sul- 
phides present. The blende is so clean that simple 
concentration produces a merchantable on^ and no 
roaster is necessary. 

The glass-rock and oil-rock flats are now below 
water level and are kept free only by pumping. 

The main water channels in the lower horizons 
evidently have been along the shale beds below 
and above the glass rock. There is a very general 
oxidized area immediately below the lower shale 
bed, and in some places there is a red oxidized 
zone, as much as 6 inchi^ in thickness, directly 
below the upper shale bed, although an oxidizc^d 
zone is more general just above this l)ed. 

The plant consists of a 40-ton concentrating 
mill, which is equipped with the customary jigs 
and also with a concentrating tahh* capable of 
separating 500 to 600 pounds of finely ground 
blende and galena or sludge daily. In 1904 this 
mill was turning out an average of 25 tons of 
concentrates a week with a zinc content of about 
55 per cent. 

ERsworth mine. — ^The Ellsworth mine, or Coker 
mine, as it is sometimes called, forms one of the 
western group of Mifllin mines. It is located 
pretty well down on both structural and topo- 
graphic slopes. The top of the shaft is at 1 ,059 
feet above sea level, whilt? the oil rock lies Ix^- 
tween 970 and 980. Mr. Grant measured the 
following section in the mine : 




10 inches 



1. Soft. Ught-fCTtLj shale. 
S. OxidUed chert. 

3. Ditwetnlnated ore in bane of Rhale. 

4. Dark-hrowncarbonAcooasband; aluily. 

5. Blende minfrled with raarcaaite. 

6. Uray. flne-irnrined limestone Impregnated 
with FcS-. 

7. Hard, cbocolate-oolored. flne-|ri«ined llme- 
Htone. 

8. Brown, coarsely crystalline dolomite. 

9. Band heavily impregnated with marcasite. 
Dotted portions represent marcasite impreg* 
na ting rot^lc. 

FiQ. 34.— Section of breast in glass-rock 
opening, Gnino mine. 



Section at the hVmvorth mint'. 

5. Hard, gray Galena dolomite. Ft. in. 

4. Thin layers of fossillferoiiH limcstnnc witli narrow partinfrs of oil rock. This llmestono is in 

places very similar to the typical glass rock 7 

3. Oil rock, locally calltHl " lin»»r " 1 6 

2. Blue clay 2 

1. Hard blue limestone 

The glass rock Is reported to Ik' only IS inches thick and to nav up to the level of the oil 
rock on either side of the flat now worked. Drill holes through it show the presence of water 
below, under artesian pressure l)elieved to Ix* local. In fig. 35 the ground plan and a cross sec- 
tion of the mine by Mr. Ellis is shown. His notes upon the mine are given. heUiv;-, 

The oremlnod Is zinc blende with a small quantity ol RuWivft. a\v\ cvcc\\T*\Tvvw^«XVtwsv\V^^N.'v»'^^^^ 
Mbove the oU rock. A thlckne»» of from 4 to 5 Iwt ot tocVt awiX ot*? \\«i»\v^t\. wesson ^. '\^^ft^«s^^?^ 
In m genenl aoutheaat direction with an average width ol YOO IccX. 
404a— 07 8 
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The ore occurs in dolomlto, the main factor In ita deposition having been the oil rock, which has acted 
as an impervious layer below and has directed the underground circulation along its upper aurlaoe. 
There is an unusually heavy flow of water in the mine, and practically all along the top of the oil rock or 
from Assures extending partially through this shale. The clay bed below the oil rock is very thin, rarely 
more than 3 Inches in thickness. 

The working breast is t>etween two parallel pitches running N. 20" W., 85 feet apart and dipping in 
opposite directions. The pitches carry ore below the oil rock, but in the area between, the ore occurs in 
the limestone above the oil rock in horizontal sheets and irregular seams with vertical connecting 
crevices as shown in the cross section. West of the main hoisting shaft is a series of parallel quartering 
pitches running N. 30* E. and pitching to the northwest. These quartering pitches carry blende with 
small quantities of galena and pass through the oil rock in irregular seams as shown In fig. 36. 



Fio. 3/1. -Map and cross soctien of Cokcr or Ellsworth mine, Miflllin, Wis. 

The (»n' horizrui varies from 2 to 4 fwt in thicknoas. but except in the pitches the ore rarely is found In 
any (luuntity closir than 1 foot to the oil rock. However, a small sheet one-fourth to 1 inch in thickness 
very generally occurs directly above the oil rock. 

The blende in the u|)i)er horizon is comparatively free from mareusite. which frequently occurs in a 
thin film 1 to 2 nun. in thickness between the wall rock and the blende. -Vs the ore approaches to 
within 2 f»*et of the oil rock there is a marked increase of the marcasite. which occurs intimately mingled 
with the blende, both having crystalli7.e<l at the same time. In this horizon there is as much marcasite 
as blende. 

The mine has two lioistinp; shafts and one pump shaft. The pump used is a Cornish lift, 
which hoists approximately 800 gallons of water a minute thmujrh a 16-inch pipe. One cora- 
pressed-air drill is ased, the larger proportion ot l\w vfOTVWxx^^^^ixv^V^'WxAdxvlla. The 
mine is equipped with a 40-ton concentrating miW, vf\Yve\v c\ew^ «:£v w^i^^^ c^V AK^ \AT!fi^^^»&r 
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oentrates a week. Two grades of ore are prepared — one running alx>ut 50 percent in zinc, 
shipped to Waukegan, and the other lower, going to Mineral Point. A roaster has recently 
heen installed. 

Sunrise and Sunset mines. — These mines, near the Ellsworth, work flats and pitches in 
the Galena above the oil rock. Both are well equipped with mills and roasters, but wore 
not especially studied in the course of this survey. Other mines in the vicinity are the Ludd 
and the Crescent, the latter about 3 miles south, near Rewoy. 

LINDEN DISTRICT. 




2 



General, — ^The geologic and topographic features of the Linden district are shown on PL 
XIII, reduced from the Mineral Point special map of the Wisconsin Geological Survey .« 

The Galena formation covers most of the surface, but the Platteville and St. Peter are 
found along the headwaters of Mineral Point Branch and cross the area. The most important 
structural feature is a long, narrow basin crossing the area from east to west. It has an ascer- 
tained depth of 60 feet and at the 1 ,020 contour (st ructural) , which includes most of the mines, 
is about one-half to three-quarters of a mile wide and nearly 3 miles long, with an unknown 
western extension beyond the area 
mapped. Within this basin are the 
Mason, Glanville, and Milwaukee 
mines. In a subordinate basin on the 
north the Robarts mine is located, 
while old surface workings are spread 
over the long, gently sloping northern 
side of the basin parallel to the stream 
which crosses it. 

Mason mine. — The most important 
mine in this district is the Mason, or 
Heathcock. Work began hero in 1 833 
and according to Strong b about 
20,000 tons of lead ore were produced 
previous to 1853. From that date to 
1866 about 3,000 additional tons were 
won, while from 1866 to 1874 the 
mine stood idle. Since 1874 it has 
been more or less continuously oper- 
ated for zinc ore, and it is now an im- 
portant producer. As is usual with such mines the early production was of galena from 
vertical crevices. Later galena and smithsonite were found at lower levels, in the ordinary 
flats and pitches, while now a big flat ^*ith only minor pitches is being worked for blende. 

ChanibcrHn c in discussing this range in 1882 pointed out that in the early stages of mining 
here the ratio of lead to zinc pnnluccd was al)out 7 t« 1. As the lower horizons wore worked 
the ratio changed to 1 to 24, and at that time the total production of the property had been 
about 42,000,000 pounds of zinc ore. Since that time the zinc production has lxH*n large and 
fairly steady. In 1904, 200 to IW tons of blende per month were Iwing produced. These * 
figures, as pointed out by CliamlxTlin, give definiteness to the statement that in abundance 
lead predominates in the upper beds and zinc in the lower. 

The main flat, now being worked has a J -shaped ground plan, as shown in tig. 37, from a 
map of the mine workings now accessible made by Mr. Ellis. The longer arm extends for 
nearly half a mile with a generally northwest course. At the eastern end the flat bendssharply 

a Grant, U. S., Perdue, M. J.. Ellis, E. E.. Fuloher, G. S., Cox, i\ . U., \S«LQ3cv\%\ftx,^ .^., ^*:\assw^^^^\s^^. 
Bheet: BuU. Wlscoiwin Ocol. and Nat. Hlsl. Survey No.U,\W»,^\.<^, 
^OeoJogyot Wiaconain, vol. 2, 1877, p. 726. 
cJbld., 1873-1879, vol. 4, 1882, p. 473. 



1. Thln-!)edded limestone with partinfcs of cArtwnaceoas shale 
or oil rook. Thi» rvprosents the oil-roek horizon. 

2. Bluenhale. 

Fio, 36.— A sheet of blonde and marcaslte in the Coker or 
Ells w^orth mine, pitching through the oil rock In irregular 
seams. 
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round, forming a hook with a course finally almost southwest. Tlie flat is generally 50 to 60 
feet wide, but narrows to 20 feet and widens to 100. Numerous vertical and pitching crevices 




^n shown in the ntofs. Most of them an^ 'md\caVc A \\\ VW Vv^\t^ "tW e^\t^^\:\«iv\\v^\sv^^ 
tvvices pitch, where it could be determined, \aa\io>Kii\>^ v\xe ^m^W ^tx^^. ^WkJSr.^^ 
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dition of the old workings do not permit the determination of the relations of these crevices to 
the pitches worked above, it may be noted that in the observed cases the pitch is uniformly 
outward — that is, toward the north and east. According to Strong and Chamberlin the upper 
workings, beginning in the flint beds, consisted of three parallel crevices showing the ordinary 
openings containing fallen rock and dolomite sand. When traced downward these were 
found to join a common wide flat sheet. On the north this is said to have — 

dipped quite uniformly to the lower flat in the glass rock opening. But on the south side, the more com- 
mon habit of alternate pitches and flats was found to prevail, complicated by subordinate sheets which 
unite with it and join the common flat below. This lower flat lies in the glass-rock opening and has been 
proved to stretch across to the foot of the north-pitching sheet, a distance of 180 feet. This flat as Is 
common is depressed along the center.** 

According to this interpretation, the main workings represent the big flat commonly found 
between the pitches, and accordingly a long, curved, slightly depressed basin with its limits 
marked by pitching joints. It may not be amiss to point out here that while this small basin 
or channel is wholly within the larger structural basin already discussed, and in the hook at 
the eastern end is roughly parallel to the end of the basin, the long arm runs diagonally down 
the stmctural slope. The pitching joints, as already noted, conform in direction to the orb 
body rather than to the larger structural basin. 

North of the main run is a second one, which is parallel through the portion so far devel* 
oped. It is unique in that so far as known there are no old workings over it. It was dis 
covered by a crosscut driven north from 
the main workings, and has so far been 
developed for a, length of approximately 
300 feet and a width of 75 to 100 feet. 
Its structural relations are wholly un- 
known. The present workings are at 
the glass-rock horizon, and according to 
Strong the main flat is a little more than 
20 feet above the St. Peter, which was 
reached in one shaft on the property. As 
seen in the mine the glass rock averages 
about 7 feet in thickness and has a thin 
bed of soft clay above, with a band of 
harder shale separating it from the gray 
limestone below. The mineralized por- 
tion of the rock varies generally from 1 
to 4 feet, but at many places is as much 
as 5 feet in thickness. The ore consists 




Fig. 38.— Relations of marcasite (M), blende (B). and 
calclte(C) in the Mason mine, Linden, Wis. 



mainly of blende, there being very little galena at this level. Marcasite is present, 
impregnating the surrounding limestone and lining cavities in the rock, but not generally 
intimately intetgrown with the blende. Calcite is the only gangue mineral. The suU 
phide and the calcite line and fill small cavities and fracture planes in the glass rock. In 
fig. 38, made from a section by Mr. Ellis, two pitching crevices are shown coming down 
from the roof and connecting with small flats of ore. More or less ore is found running 
down into the gray limestone forming the present floor of the mine, and near the east 
hoisting shaft a 3-inch sheet of blende, pitching downward, was observed. 

While mill returns are not available, careful estimates of the various faces of ore indicate 
a yield of 3 to 15 per cent, with an average of perhaps 8 per cent of concentrates. Up to the 
present it has not been found necessary to roast the ore to clean it. 

Robarts mine. — About three-quarters of a mile north of the Mason mine is the Robarts. 
This, as already noted, is in a subordinate structural depression within the larger one already 
discussed. The shaft is on a topographic slope at about 1 ,100 i^stX. ^}aw^ ^«.Vn^. A\.N& «>Ki 
feet deep. The mine shows the flats indicated by Mr. ¥A\Wa m^.^ VJw^. ^^ , wA ^ ^^«e& 'e^R- 



"CbAmberlin, T. C, Geology of Wl8Cona\n,vo\.^,\«Ba,p,Vl\. 
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tion shows two outward-pitehin^ crevices. An examination of the map shows that otiier 
pitches are present and that a wide variety of courses is represented. The upper flat and 
the main pitch running down from it is above water level and in the dolomite beds of the 
Galena about at the lower Receptaculites zone, the fossil being abundant along the pitch. 
The ore mainly found here consists of galena in great cubes showing edges 2 inches or more 
long and apparently freely grown from solution in open space. A sheet of nearly clran 
galena 8 inches to I foot thick was exposed when the mine was visited. 

Tlie lower flat is said to yield blende, and specimens of ore from it showed blende, roarca- 
site, and galena intergrown, thou^^h the galena was very subordinate. The mine seems to 
represent secondary precipitation of galena at water level and above the main deposit of 
mixed sulphides. 

GlanmUe mine. — Near the eastern end of the structural basin are two mines, the Glanville 
and the Milwaukee. The Glanville shaft is on a topographic slope at 1 ,120 feet above hpa 
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Fio. :«).— Ground plan and cross section of Hobarts mine. Linden, Wis. 

level. The oil rock lies at about 1 .010 feet, and the work is at that horizon and in the glass 
rt>ck, S feet Inflow. The ground plan of the mine and two cross sections are shown in fig. 
40, prepared from surveys by Mr. Ellis. 

A peculiar feature, unusually prominent here, consists of certain rolb and dips in the rock 
below the glass rock. From the lx)ttom of tlie shaft the floor dips to east, being depressed 5 
feet in 50. On the other side it rises, and similar dips were observed elsewhere in the mine. 
Equivalent irregularities are shown by t\\o. \V\^Wy \y\w^\x^^"^, ?o VW\. N«W.KQr the depres- 

sions represent deformation or not t\\e iorce^a pToA\\c\v\^V\\e\w ^kS^^oX^^ >i5wfe\3fc^^%.5R\«^. 

The ore ia found indiscriniinatelv over the depressvotvs ^iv^^ v\\^ to\\&. 
ne ore in the glass rock consbts mainly «! Uetvde, VvVXx f^^^^^^f^^^'^,^^ 
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in distinct bands. Hie ore bed consists of a dark shaly material 18 inches to 2 feet thick, in 
which the ore occurs chiefly in a single sheet 3 to 8 inches in thickness. 

The oil-rock horizon shows a similar flat, which has been more extensively worked. To 
the north and seemingly toward the edge of the ore body the blende disappears and only 
calcite and iron pyrite are found, although the rock retains its character and the small druses 
and fractures are present, as in the productive portion of the mine. The oil rock varies in 
thickness from 1 to 2} feet, but more or less ore is found through 5 to 10 feet of rock. 

The mine has no mill, the ore being prepared for shipment by cobbing. A few shipments 
of marcasite have been cleaned up and sold for acid making.- 



MINERAL POINT DISTRICT. 



General features. — Mineral Point is one of the oldest and best known places in the region. 
In the past its mines have been heavy producers of both lead and zinc, the latter occurring 
mainly in the form of zinc carbonate. Since the St. Peter sandstone outcrops in most of the 




Fio. 40.— Ground plan and cross sections of Glanville mine, Linden, Wis. 

streams, the zinc-bearing beds are mainly above water level. This favored their early 
development and at the same time minimized the chances of finding additional ores of the 
sort now in demand. Such mines as may be located will doubtless be found by drilling back 
some distance from the main streams. Two mines recently opened, the Tripoli and Western, 
are located near the headwaters of small tributaries to Spensleys Branch. The general 
geology of the district is shown on the Mineral Point special map of the Wisconsin Survey ,« 
and information regarding the old ranges may be found in the older Wisconsin reports, par- 
ticularly that of Strong, b 

Tripoli mini;.— This mine is located in the SW. J NE. J, sec. 26, T. 5 N., R. 2 E., at the 
locality known as the "Old Harris diggings." The mine is being reopened by Milwaukee 
capitalists. The shaft, which is about 90 feet deep, Ls located at 1,130 feet above sea level, 
the oU-rock horizon being at about 1,050 feet above sea. In the mine there are three 

aQrant,U. S., Perdue, M. J., EUla, E. E., Fulchcr, O.S.» Cox, O .ia..,"ftw«i\«\fcx,^ .^.^vccAV^wSk.-^ ,^,W,, 
MinenU Point sheet: Bull. Wisconsin Geol. and Nat. H\8t. Survey 'ii^o, W, V«fo,\\.^. 
^OeoUfgy ot WiaconaiD, 1873-77, vol. 2, 1877, pp. 733-738, 
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separate openings or levels. The first, called the ''brown-rock opening/' is about 8 feet 
above the oil rock. It is developed only in the eastern part of the mine and is 3 to 4 feet high. 
Some ore was found at this level m a greenish -colored sandy dolomite. The true "green- 
rock opening'' is supposed to be 4 to 6 feet still higher, though it was not seen in this mine. 

The main work is along flats, with small pitches at the oil-rock horizons. This bed is about 
3 feet thick and the face shows a brown, brittle limestone, separated into bands by dark shaly 
partings. Blende, galena, and iron sulphides occur in sheets one-half to 3 inches thick 
along the bedding planes. Occasionally there are flat druses hned with ore, which abo 
occurs in pitching and vertical crevic4?s. A small amount of calci(<^ is present. At one 
point there is a small monoclirlal fold with an amplitude of about 10 feet, and with oxidized 
rock below the fold and along the crevices which cut it. The workings are, in general, about 
at the natural water level. 

Ten feet below the main workings the glass-nx*k level has been o]>ened. The breast shows 
a thin-bedded brittle limestone not exactly like the typical glass rock at Platteville, yet 
resembling it. There arc thin shaly partings and the rock has been slightly brecciated. 
The ore occurs in the fractures and along the bedding planes through a thickness of 18 inches 
to 2 feet. At its base is a thin shale or clay band, which the miners undercut, as in coal 
mining, shooting the rock down to it. The ore makes a rather regular sheet on this band. 

The mine is well equipped with a steam hoisting and milling plant, housed m corrugated- 
iron buildings. When first reopened, a considerable amount of the stored waste or rock 
from the old workings was run through the miH. From a quantity of this material, esti- 
mated at 75 tons, milled in ten hours, 15 tonsof concentrates were made. The concentrates 
were very high in iron sulphide, and the content of zinc ore proper is not known. A roasting 
plant has since been installed. 

DODOEVILLE DISTRICT. 

General features. — The general structural and geological features of the Dodgeville dis- 
trict are shown in fig. 41, based upon the map of the area published by the Wisconsin Geo- 
logical Survey .o The.district was especially studied by Mr. Ellis and has been described by 
him. Fromft this paper and from his field notes, supplemented by a few ])er9onal observations 
the following account has been compiled. 

Location. — The Dodg(n illc district lies in the extreme northeast portion of the Wisconsin 
lead and zinc region. The area in which mining has been carried on is relatively small, in- 
cluding not more than 10 square mil&s, and nine-tenths of the mining has been done 
within the limits of four sections of land. 

Tlie history of this portion of ihe district has boxjn the same as that elsewhere in south- 
western Wisconsin. Mining was first carried on for galena alone; then for galena and smitfa- 
sonite, as a market was foimd for the zinc carbonate, and of late years attention has 
been largely turned to the dejx)sits of zinc blonde. 

Dodgeville is situated on the divide between the drainage of Pecatonica and Wisconsin 
rivers, while the center of the mining district is among the small headwater streams of 
Dodges River, which flows into the Pecatonica. The country is perfectly drained, and, as 
the streams flow to the southeast and are nearly parallel, a series of long, narrow ridges has 
Ix'cn formed. In the least eroded portion of the area the hills rise to a little above 1,200 
feet above st*a level, which marks approximate!}' the height of an old peneplain. The 
small streams have an average fall of 60 feet to the mile near their sources and have flat 
Iwttoms, and the valleys have gently rounded side slopes. 

Stratigraphy. — The formations o<'curring here are Galena dolomite, Platteville limestone, 
and St. Peter sandstone, while a short distance north of town, Prairie du Chien or '* Lower 
Ma^e-sian '* limestone outcrops. The full thickness of the Galena does not occur within the 

aOmnt, v. 3., Perdue, M. J., Fulchcr, O. S., and CaAv , O . \l.,\^o<\i?»N\\\ft ^\v«ftX.\ ^>3Ni.N^\«»xisicct<iw^ 
311-315. 
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area, althou^ at places 200 feet of the dolomite remain. In the territory where the larger 
proportion of the mining is carried on erosion has left not more than 100 feet of the Galena, 
Deluding the lower 50 feet of nonflinty dolomite, above which lie the intercalated beds of 
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A/If «/m/ dolomite. These intercalated beds when compVoAjc , «lVV«:viv ^ \>cv\tVw>^ o\ V^^^'^ 
The hose of the Oahna is marked by a constant s\\a\e Wd ^«.T7\iv?;ltwcv\ Vi*^^^'^^^^^^ 
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The Plattoville limestone has here a rather uniform thickness of 65 feet, and is much less 
magnesian than the Galena. The upper beds, called the "glass rock/* constitute the impor- 
tant ore hon7x>n. The glass rock is very fine-grained, hard limestone, varying from 4 to 12 
feet in thickness. It is brittle, nonmagnesian, and frequently breaks with a conchoidal 
fracture. Near the base of the Platte villc is the magnesian limestone known as the ''quarry 
rock." 

Oeneralized section of the PlattemQe limestone near DodgeirUie, 

Ft. in. 

7. Glass rock 10 

6. Dark-brown to black, hard, carbonaceous shale 3 

5. Hard gray limestone 10 

4. Fossiliferous limestone, fine grained and separating into thin, irregular beds 18 

3. Clay bed 2 

2. Dolomite limestone in heavy t»eds (quarry rock) 25 

1. Sandy shale 8 

The mo8t important stnictural feature in the district is a broad, shallow basin within 
which all the mines are located. The area mapped is so small that the full extent of the 
basin is not known, but its extreme shallowness is apparent from the fact that in 1} miles 
the maximum difference in elevation is less than 20 feet. Apparently there is an intei^ 
rupted slope to the south with a shallow depression on the resulting flat. It is believed that 
this structure reflects depositional conditions and is not deformational. 

Ore deposits. — The ore bodies occur in three general modes — in vertical crevices, in pitch- 
ing crevices, and in flats, occupying a large horizontal space. The pitching crevices are few 
and unimportant. The quantities of sphalerite and galena produced are at present nearly 
equal, while a small amount of smithsonite is also mined. Calcite is frequently associated 
with these ores, and marcasite almost invariably accompanies the blende in varying 
amounts. 

Very little mining in thi? area has been done in the Galena, the important ore bodies 
occurring in the glass rock of the Platteville. The ores obtained from the Galena have been 
galena and smithsonite, which occur mainly in vertical crevices, though with a small devel- 
opment in flats and pitches. 

The ore bodies now worked are in the so-<talled "glass-rock opening" of the Platteville 
limestone, and consist of irregular flats with occasional small crevices leading from above. 
The horizon occupied by the flats of the glass-rock opening has a vertical height ranging from 
1 to 7 feet, and the ore bodies have an average width of 60 feet, with frequently a very con- 
siderable longitudinal extent. The course of these flat ore bodies is not regular, as devel- 
oped in the Dodgevillc area, and even the individual ore bodies do not keep a single direction 
any great distance. This variation in direction probably follows the position of the feeding 
crevices above. 

Where the ore bodies lie below the level of ground water, the predominant ore is zinc 

blende. Where they lie above or near water level, the important ore is galena, with a.s80- 

ciatcd smithsonite. In the ore bodies which have been above giX)und water, and which have 

l)een consequently subjected to the oxidizing influences of surface waters, the limestone is 

generally soft and disintegrated and the ore occurs in a flat at the base of the glass rock 

directly above a bed of hard impervious black shale U to 5 inches in thickness. These flats 

of galena and smithsonite are very irregular, varying from a solid sheet 4 inches in thickness 

to small lenticular masses only a few inches in longest diameter and separated by barren 

rock. In the ore bodies which have escaped the oxidizing surface waters, either because of 

an impervious l)ed of oil rock above or because they weie sufficiently far below ground-water 

level, the predominant ore is zinc blende with a small proportion of intimately associated 

galena and with considerable iron su\pV\*\do, gei\<iT«AV\ \tv iVv^ Conn of marcasite. While in 

this latter type of ore bodies the ore occurs *m a ^«tt «A. \\ve>a^a» o\ \5aft ^^&AT«^%sA^VA^e 

the thin shale bed, the main body of ore is \i\ \rr<i?>\\At ^«.m^ Vx^wN^tsfli^^^Jofc vs^B&\si^\^«ofc 

dilutions, but with the majority paraWel to tW WMmv?, v^^xv^^ ^'^ >(Jc«. Wjtosft, ^ 

''nv^Jar seam^ represent fractures in tbe g\i«s ^oc^^ v,\v\^V W^\«^tw «\«^^V| t-^ 
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and 6]]ed with ore, and give a marked brccoiatod appearance to the limestone. The horizon 
occupied by these bedding and cross seams ha^ a vortical heigiit of from 1 to r, feet, and the 
proportion of ore varies greatly from place to place in the same mine. 

llie laige horizontal extent of the flats and the small amount of pumping necessary 
makes the working of thesm mines relatively cheap and permits the development of leaner 
bodies of ore than would generally be profitably worked under the mining methods followed. 
The galena and smithsonite above the level of ^^round water occur in soft rock as a rule and 
are readily separated by hand sorting. They are relatively free from iron and are conse- 
quently of good grade. The ores below water level are intimately a.ssociated with maittasite 
and are separated from it with difficultv, the grade of the blende concentrates biding in con- 
sequence considerably lowered, although holding well up with that of the average ore of the 
Wisconsin district. 

Although the ores of the glass-rock opening constitute the most important bodies yet 
developed in the vicinity of Dodgeville the fact should Ik* rememlx»rc<l that in the greater 
part of the Wisconsin lead and zinc district the more valuable lead and zinc deposits have 
occurred above this horizon, and there is no reason to suppose that such deposits may not 
exist in the less eroded portions of the Dodgeville areti. Considerable work has been done 
in the past on lead-bearing crevices at these higher elevations, and one company has recently 
started development work on one of these old le^d ranges. 

Mention should also be made of the fact that some prospecting has shown tlie presence 
of galena in the upper portion of the Prairie du Chien or "Lower Magnesian" limestone 
near Dodgeville, although no development work has been done and no definite idea can be 
formed of the possible extent of such bodies. 

DevhpmerU work. — ^There are at present seven producing mines in the area: The Wil- 
liams Bros., producing blende and galena; the Hartford Lead and Zinc Mining Company, 
starting development work on an old lead range; the Snowball and Oxman mines, both 
yielding galena and blende; the Davy Pengelly mine, with galena and smithsonite; and 
the Tyrer and McKinley mines, the former producing galena and the latter blende. In 
the area are a number of abandoned mines which in the past have been producers of 
galena and smithsonite, while there are a number of small mines that are worked only 
during the winter. 

WiUiama min«.— The Williams mine is located in the SW. } sec. 25, T. 6 N., R. 3 E., 
and is the most important producer in the district. A map of the workings accessible at 
the time the mine was visited is shown in fig. 42. 

Access to the mine is had through an incline. The main workings are in the glass rock, 
though ore was formerly taken from the basal beds of the Galena and lead was found in 
vertical crevices still higher. The oil rock is here about 3 feet thick and small cubes of 
galena are sprinkled through the rock where it is cut through in the incline. The main 
woricings are about 10 feet biOow, though narrow crevices, some of these pitching, join 
the two horizons. In certain drill holes near by it is reported that a small amount of galena 
was found in the ''big pipe* clay" — the clay lx»d at the bast^ of the Platteville and just ulxive 
the St. Peter sandstone. 

The glass rock in this mine is a brittle, brown rock apparently somewhat nuignesian. 
At the base of the workings is a 3-inch bed of gray clay with a flat sheet of blende 2 to 8 
inches thick lying just above. Similar sheets occur along the }x?dding planes and in cross 
fractures through a thickness of 3 feet of rock. The blende shows some galena crj-stul- 
lizod with it but almost no mm sulpliide. There is a little zinc carbonate present and 
apparently oxidation has gone far enough to destroy the iron sulphide and is Ix^ginning on 
the zinc. 

The flat has an irregular course and where meaauroA \v^ tvV»o\iV, Mili V^^iV t\Rxvy«^. X\s»\v^ 
length haa Dot yet been determined. 

The mine is equipped with a steam concentruUng u\v\i t«v^ v^.xov^^V^v^^'^^^^^''^''^'^^ 
out of the mine. 
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McKinUy mine.— The McKinley mine is in the NW. J sec. 35, T. 6 N., R. 3 E., and yields 
blendo witli small quantities of galena. 

The work is done from a shaft 80 feet deep, which penetrates to the base of the glass 
rock. The ore l)ody is worked in a direction 25° south of west and consists of a 2-inch to 
4-inch sheet of hlende directly below the glass rock. Considerable marcasite is intimately 
mixed with the blende. 

A horsepower hoist i^ used, and as the mine is above the level of ground water no pump- 
ing is necessary. 




Fio. 42.— Skotch map of the Williams mine, Dodgpville, Wis. 

Davy Pfn-jelly mine. — This is a lead and dr}'-lx)ne mine, in the NE. J sec. 34, T. 6 N., 

R. 3 E. The ore cccurs in a flat sheet 2 to 5 inches thick and lies directly below the glass 

rock, resting on 7 inchea of shale. A consideral)le body of ore has also been developed in 

a pitching sheet iwiding from above. T\\o oro \?^ w\>o\e viv\^<iT \«nA «cA ^y»:>\t& in very 

thoroughly oxidized and softened n)ck. T\\e iXm oto \^ ^vtxUx^X^ \^ \X^f^ \«rov ^ ^vfes. «*- 

bonate, no blende being left, while the marcaaW^ oxVAeviW^^ WsX^.vX^V^^X.^Sis.'^ 

blende, leaving only ft red stain. 
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Snowball mtn^.— This mine is situated in the S£. \ sec. 26, T. 6 N., R. 3 E., 1} miles east 
of DodgeviDe. It is located near the top of a hill at an elevation of 1,190 feet above sea 
level. The main shaft is 93 feet deep and penetrates to tlie base of the glass rock, which 
is 12 feet in thickness. The glass rock is very hard and very fine grained, and breaks with 
a conchoidal fracture. It is unaltered, the shale directly above having evidently acted as 
an impervious layer, as the oxidizing waters have reduced the overlying limestone to a red, 
chalky mass. Near the shaft, in this softened horizon, a quartering crevic« has widened 
out into an open cave, in which a small quantity of galena was found. 

The main ore body is a flat sheet of galena and blende, 3 to 6 inches thick, which lies at 
and below the base of the glass rock. Where the ore rests directly on the shale below the 
glass rock it occurs in a compact and uniform sheet, but as it passes in places up into the 
glass rock it breaks into irregular seams. The rock surface, when cleared of the shale on 
which the ore rests, is seen to be uneven and to have irregular rolls, which appear to have 
had no eflfect on the ore body. 

There is considerable galena and a relatively small proportion of marcasito with the 
blende. The marcasite occurs both earlier and later than the other sulphides, and as an 
inner lining of cavities. While the blende and galena are intimately commingled, the mar- 
casite is distinctly separated, forming a rather marked crustification. 

The mine is pumped by a small gasoline engine, which is also used for hoisting. The 
ore is cleaned in hand jigs, to which water is furnished by the pump. 

Tyrer mine. — The Tyrer mine is in sec. 35, T. 6 N., R. 3 E. The only ore at this mine 
is galena, which lies above water level. The galena is found in a flat at the base of the 
glass rock, and occurs in irregular lenticular masses, no solid sheet being found. It has 
been worked in a direction 25° west of north. 

IllUHLAND DISTRICT. 

General. — ^The Highland mines are the northenmiost in the region that produce regularly." 
The district occupies a part of a high ridge betwt^en Blue and Otter rivers and stretching 
out toward Wisconsin River. The mines are on the old peneplain at an altitude of 
about 1,200 feet. The surface rock is the Galena, but the Platteville, St. Peter, and Prairie 
du Chien outcrop in the adjacent ravines. The ores occur mainly in flats in the lower beds 
of the Galena. The section shown at the Kennedy mine, as measured by Mr. Grant, is 
representative. It is given below. 

Section at ihe Kennedy mine, Ilighlaml, Wis. 

Ft. In. 

7. Hard Galena llmeetono 15 

6. Bands of hard gray limestone, with thin seams of nnik that resemble oil rock, but are harder. 

This is called the " lower opening " 6 

5. Oil rock, which is here harder and more compact than usual 1 

4. Gray to yellow soft clay 6 

3. Very hard, fine-grained gray limestone. This is called the glass-rock oi)ening, but the rock is 

not like the typical glass rock 4 

2. Oil rock 4 

1. Ilard limestone 2 

The principal structural feature of the district is a shallow, irregular basin ninning 
slightly north of east. This basin is divided by a low, narrow swell rising alx)ut 10 feet 
above its bottom and having its major axis parallel to that of the basin itself. The mines 
are on the north side of this structural swell and mainly at the foot of a stnictural slope at 
least IJ miles long and rising about 40 feet to the north. The,«^e and other details of the 
area are shown on the special map of the district published by the State.o The main 
structural features are indicated in PI. XIV reduced ttom W\\^ w\^\v. '\\Nfc \s\vwsa> n^^^x^ 

^Onnt, U. 8., Pnrdue, M. J., Fulcher, Q. S., Coic, 0. 11., BanuV^vtw , ^ - \^., wvC^Vl^^i^^-^-^*^"^ 
UuidBbwt: Bun. Wisconaln Oeol. and Nat. Hist. Survey No. U, vafifc, ^V.'i. 
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studied in 1904 by Mr. Ellis, and from his notes the following descriptions have been pre- 
pared. 

Kennedy mine. — The Kennedy mine Is the SE. J see. 28, T. 7 X., R. 1 E., one-half mile 
northeiust of Highland. It is on the side slope of a shallow guUey at an elevation of l;210 
feet al)ove sea level. 

The ore is blende, galena, and smithsonite, with the zinc ores predominant, and occurs at 
nearly the level of ground water. The general direction of the ore body is northwest- 
southeast, but a bar of unpn>ductive limestone crosses the mine in a northeasterly direction 
and .sepamtes the ore body into two distinct parts, in which the ore occurs in different beds 
and in different forms. 

In the portion of the mine worked from the northwestern shaft the important ore body 
is a 16 to 18 inch sheet of dissemuiated blende and galena in a blue shale representing the 
oil rock. Above and below this shale the limestone has been very thoroughly softened 
and colored red tlux)ugh the agency of oxidizing waters. The disseminated ore within the 
shale has lx>en protected from these oxidizing waters and has undergone no alteration 
except near the edge.s of the shale, where some blende crystals have been leached out, 
leaving cavities. In the softened gla.ss rock below the shale considerable galena and smith- 
sonite are obtained in irregular seams, while at the base of the glass rock, above a 2-inch 
bed of hard, black ;%hale, is a fairly constant sheet of galena, 1 to 3 inches in thickness. 

In the vicinity of the second shaft, on the south side of the bar, the main ore body is in 
the glass-rock horizon, although disseminated ore in the oil rock is also worked. While 
oxidation has l)een complete above the oil rock, the ghiss rock below has been protected in 
general from the surface* waters. Small cavities lined with crystals of dolomite and with 
zinc C4irlx)nate are present in the gla.ss rock and in places the blende has partially altered 
to carbonate, but the main on^ body consists of unaltered blende and galena in sheets par- 
allel to the bedding plane of the glass nx:k and in irregular seams crossing the beds. 

The ore contains a relatively small quantity of marcasite which impregnates the glass 
rock next to the ore seams and also occurs within the seams as the last mineral deposited. 
In the disseminated ore the blende and galena are intermingled. In the glass rock also 
these two minerals are intimately intermingled, although another relation is common 
where crustification is marked, namely: 1, Wall n)ck frequently impregnated with iron 
sulphide; 2, blende; .3, galena in octahedral form: 4, occasionally a thin layer of blende. 

The two shafts are, re^spectively, 90 and 88 feet deep and penetrate about 3 feet of the glass 
rock, which has an elevation of 1,130 feet above sea level. The strata are nearly horizontal 
here, but they rise l)oth to the north and to the south, so that the mine is near the middle 
of a broad, shallow syncline, with a width of 1 mile and a vertical difference between trough 
and crust of 30 feet. In the mine are a numl)er of small vertical and pitching crevices, 
running from 30° to 60° west of north, with an average direction of 45° west of north. The 
old surface workings in the vicinity indicate that this is the direction of a long range. 

The ore is hoisted by horse power and is cleaned at an old-fashioned plant of soiaU capacity. 
The cleaned on», however, is of g(H)d grade, nmning up to 58 per cent zinc in the blende 
concentrates. A new 100-ton miU will shortly Ix? installed on the completion of the new 
railroad. 

K(7iueihj dry-horn mine. — This mine is alK>ut 4(K) feet north of the Kennedy mine and is 
at alxnit the same elevation. 

The Only ore obtained from this mine in cjuantity is smithsonite, although small quanti- 
ties of galena are sometimes obtained. No blende whatever has been found here. The ore 
(K'curs in what the miners call '' bn)wn rock," 6 to 10 feet above the glass rock, and is all 
alwve water level. Oxidation has U'en so thorough that the limestone is completely softr 
ened and is universally of a reddlsli-bnnvn color. The ore and rock are of the same color 
and frequently can lx» (listingui.shed from each other only by the superior hardness and 
weight of the on*. 

In this mine a gn;at many dry-bone-lx»aring crevices cross one another at every angle; 
s(m2e of these are vortical, but most ol them are ^W,<i\\Ma^. T\i^ ^c«»Xfis\Axt <rf the one oocun 
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in the pitches, but good ore is obtained in flats having a lateral extent of only a few feet. 
The ground plan of the mine, as well as the general distribution of the pitching crevices, is 
shown in fig. 43. It will be noted that the crevices are notably inconstant in direction. In 
that portion of the mine indicated by B-C-D-E it may be further noted that the pitches 
outline an irregular oval area 50 to 100 feet wide and approximately 1^ feet long. It seems 
not improbable, in the light of observations in other mines, that if the whole area wore 
open to observation these crevices would be found to interlock or join, forming a complete 
circuit of outward-pitching joints. In the other parts of the mine the area open to obser- 
vation is too small to permit generalization. 

All the work is done from one 69-foot shaft, and the ore is raised by horse power, being 
ready for shipment when brought to the surface. 




\80'*£. 



FlQ. i3.— Ground plan antl cross sect ion of the Kounody dry-bono mhio, Highland, Wis. 

Lewis mine. — The Lewis mine is in the same st^ction iis the Kennedy. The main shaft 
is at 1,185 feet above seu level, and the oil rock occurs at 1,1150 fwt. 

The ore is a mixture of zinc carbonate and galena and lies alx)v*« the level of ground w iter, 
no pump being necessary. The ore occurs at two horizons — u flat at the top of the glass 
rock and one immediately above a black shale bed at tlie base of the glass. These flats 
are from 2 to 4 inches thick, and the lower one carries unusually light-colored smithsonite, 
called by the miners ''white bone." The glass nK'k is thoroughly oxidized and soft. The 
crevices which can be seen in the roof of the workings run N. 45° W. and carry little ore. 

There are two shafts, tlie west and main one being 62 feet deep and penetrating, 3 (qqI-vn^.* 
glA88 rock. A horse-power hoist is used. 
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Ehede mine, — ^Tho Eberle mine is located 3 miles southeast of Highland in the NW. J 
sec. 2, T. 6 N., R. 1 E. The mine is situated at the head of a gulley, where the ground w 
relatively high and is little below the level of the old peneplain. 

The ore is blende, galena, and smithsonite, the zinc ores constituting 80 per cent and the 
galena 20 per cent of the production. It occurs in a aeries of flats and pitches occupying a 
vertical extent of 22 feet between the "green-rock opening" above and the glass rock below. 
Ore is present in the glass rock, although little has been taken out at this horizon because of 
inadequate pumping facilities. 

The general direction of the ore body as opened is nearly east-west, though with a slight 
northwest trend. There are two main series of pitches, one N. 20° E. to N. 30** E., pitching 
to the southeast, and the other about N. 70° W., pitching to the northeast. The flats and 
pitches are of the typical order, and the flats carry more ore outside of the pitches than 
within. The ore body opened is all below water level and consequently the sulphide ores 
are unaltered except directly in the main water channels, so that practically all the zinc 
carbonate occurs in the pitches. 

Besides the solid ore in the flats and pitches there are two marked horizons of dissemi- 
nated ore. In the oil rock there is a ver>' constant sheet of disseminated blende, from 4 to 
18 inches thick, in blue shale and typical oil rock. Eighteen feet above the glass rock there 
is a 4 to 6 inch bed of blue clay, in which blende occurs in irregular, somewhat rounded 
lumps, from one-half inch to 3 inches in diameter. 

The blende and galena occur both intenningled and in separate sheets containing only 
one of the minerals. The ore is unusually free from marcasite, although the iron sulphide 
is said to be much more abundant in the glass-rock horizon than above. The freedom 
from man?asite is evidenced by the high grade of the concentrates, which frequently run to 
60 per cent and even 62 per cent metallic zinc. 

Tlie mine has two sliaft^, the upper or hoisting shaft being 63 feet deep and penetrating to 
within 9 feet of the glass rock. Tlie second shaft, 300 feet away and 25 feet lower, is used 
for a pump shaft. At the time the mine was visited the ore was raised by horse power and 
cleaned in a small plant e(|uipped with 4 shaking jigs nm by a gasoline engine and with one 
hand jig. Tlie ore was sized for the different jigs b}' a trommel screen. This small plant 
yielded 5 tons of cleaned ore a day, the annual production being close to 400 tons. Re- 
cently the mine has Ix^en equipped with a new .50-ton concentrating mill. 

MONTFORT DISTRICT. 

General. — Montfort occupies a situation somewhat similar both topographically and geo- 
logically to that of Highland. Comparatively little mining has, however, been so far done in 
the vicinity. The district is notable for the presence of a mine which is worked mainly for 
the sulphur content of the marcasite. Tlie following data concerning the mines are derived 
from Mr. Ellis's notes. 

Montfort Mining Comjxiny. —Th'im company has sunk a 100-foot shaft near the south 
limits of the town. A low-grade ore has Ix'en found, containing blende and man;asite. 

Jones ami Snow wine. -Tliis mine is located in sec. 26, T. 6 N., R. 1 W., 1 J miles south- 
west of the town. It has Ix'en worked intennitt(»ntly for ten years and steadily since Marcli, 
1903. The ore is marcasite with a small quantity of zinc blende, the mine being worked 
mainly for tlie marcasite. 

The ore Iwdy occui-s 18 feet Ix'low the surfac<» of the ground and is worked directly in the 
center of a valley. Cllass rock shows at the lowest point. Above the glass rock occurs 6 
inches of oil rock followed by 2 feet of hard blue shale. The ore occurs in a sheet, from 6 to 
12 inches thick, lying directly above the blue shale. At one place the ore pitches to the 
west through the blue shale; and oil rock. WhiL* the limestone above the ore body is red- 
dencd by ox'id&t'ion, little change has been elTected in the ore, which lies a few feet below the 
Jevel of ground water. 
Although the ore is mainly marcasite, cA>tvs\deT«\Ae ^«<»oc\^V«i^>^^\AQ^S&Vs(c^ ^\«k&«. 
the amount varying from zero to nearly ^ per c^xvV. NNWe Wx^ VWe«. ...^^^ \Ss«s^\^ 
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marked cnistilication. Maroasitt* orcurs as tlu» lowrst layiT, followed l>y frcnn hv<» to four 
Hlteriiatf* la vol's of blende and rnairasite. 

Wlien the mine was visited 4(K) tons of nmreasite in all had iKM'n prodiu><'d and s<^Id at 
from S5./)0 to $6 p<»r ton. The pn)fitahle mining of ore of this low frrade is |)os.sihle In'raust^ 
i>f the nearness of the ore IxkIv to the surfaee and the eas<» with which the jji-ound may lx» 
worked. 

LAN(ASTKR hlSTIlKT. 

GetuTaL- -Comparatively littl • mininjj is now «r*>i»»K <"^ "^'^^f Lan<aster. attention iK'injf 
directed more especially to the eastern part of the rejrion. in earlier yeaiv then wen* im- 
portant mines (m Pij^eon ('n*ek, near Ii<*etown, ( assvill'.*, Fmnimoi-e, and other points. In 
the Kiinnm^r of 19()4, when thew liK'alities were visited l»v Mr. Kills, mininjj was Mu^ carried 
on at only three places. His descriptions of the mines are givm U low. 

Coon HMow niiru. Tliis mine is in the NK. \ s«»r, 2"), T. -1 X.. U. -1 \\.. O miles southwest 
of I^ncaster,Wis. The mine was o{H>ned in April, HKM, and consists of a drift ()() feet long, 
which runs int<^» a hillside practically at ihc level of ground water. This drift is din'ctly on 
t4)p of the glass n>ck and shows the oil rock to Ik' inches in thickness, with a hard blue 
.shale l.)ed, 2 fwt in thickness, alx)ve the oil nwk. Tlie ore is disseminated bh'nde, in large 
<Tystals one-fourth to (me-half inch in diameter, and occurs in the blue shnle Iwd alxjve the 
oil rock. No other mineral is associated with the blonde «t this horizon. Hllhough galena 
has l>een found and worked at higher elevations. 

The ore is passed through a hoise-imwer cnisher and then cl.'uiK'd 1)V hand jigs, giving a 
higlh-grade concentrate* of zinc blende. 

A'6fr/#' m>W. -The Elx'rl:* mine is I J miles northeast of Beet own, Wis., in theSW. \ w»c.21, 
T.4N., R. 4W. 

Zinc blende has be<'n found ahmg an cast-wot crevi<-e. and gal.na in a .^)-foot drift along 
a <Tevice munhig N. t)()° K. Along the cast-we>t crevice a space has been worked Ix'tween 
150 and 20() feet long, with a height of from (J to 17 feet and a width of from S to 15 feet. 
T^is drift i>i within the lower flinty Ix'ds of the (Jal na (loi.):iiite. ")() feet abovf its bas<\ The 
cn»vice is tight throughout, tin* ore occurring in typical honeycomb form. .Marcasite 
occurs in a thin sheet between tlw limestone and the bhiule. 

Tlien» an? two shafts, one ()<), the othiM* 1(X) feet deep, the working l"vcl bi-ing (X) feet below 
the surface. The mine ise(|uipped with a 4(Mon concentrating iiiill.enMted in the fall of VJOH. 

Red Dofj tuifu. —The Ked Dog mine is located near the southeast corner of sec. 12. T. 3 N., 
K-3 W., on th<' crest of a long east-wist ridge, and is at an elevation of 97o fret above sea 
level. 

The mine has been work<'d for sirveral years at a horizon alxait To feci b low the surface of 
the ground. At this horizon the oi-e is gal.'ua and smith.^oriite. Kecently the sliaft has l)een 
sunk .50 feet lower and has reached a second ore horizon, yielding bl-nde and nnircasite. 
The entin* ore lM)dy is in the flinty beds which occupy the middle horizon of the (lalena 
limestone. 

Several large east-west crevices nm through the mine and the gn»ater j)art of the work 
has l)een earned along them, although north-south drifts have been run to connect. At the 
upper ore horizon the crevices have been wid«»ned out by solution, which seems to have been 
more effective here than abov(^ or below. So nmch of the dolomite has been diss<ilved that 
the unsupported strata have broken into angular blocks, which have frequently fallen out of 
place. Tlie rock itself Iuls been hon<'vcombed by the .solvent watei*s and the ore deposited 
in <*avities. The rock has been reddened by oxidation and made so soft that it is* reduced to 
sand by the blasting. The gah'na occui-s as aggivgates of cubes in the solution cavities, and 
is frequently ass(X'iated \ith smiths^^nite. whil* considerable* open space is left, which has 
evidently once been filled with blende, outlines of the cvys\v^\ ^w\\\^ W\\v^\vj\V. *Wvs^ s>%gvV^ 
west crevjcfts have /ww'/j uf>rked longitudinally for \'i^ ?ee\ \v\\<V vv^yVw^n \«v rv ^v^*24^V^<^*^ 
Tlie area lx*twvim tlw cas -west crevices c«mta\us ore \v\\\e\\ \s v\v.A y\vi\\vav:sv\^>^ ^^^^ ^^* 
cJraninf^. 

404a~-07 if 
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The upfKM' on* liorizoii. as shown in the shaft, extends down to the lower, when^ t>']>iciil 
honeycomb oi*e, containing f)lendeand inareasite. hut no galena, is found. There are no open 
cavities in tins rwk as in that alxive, the in-egular solution cavities in the limestone having 
been filled bv inareasite, blende, and calcite. Man-asite occurs as a thin Him lining the cavi- 
ties, the rest of the space having l)een filled by blende or calcite. At the Iwttom of the shaft 
the l)cgiuuing of a pitch to the north has l)een developed. 

An 85-ton concentrating mill has lx»en en*cted, equip|)ed witii jigs and a concentrating 
table. Tlm^e air drills aiv to Ih» \imh\. 



r<nX)Sl DISTRKT. 



Comparatively little mining has Ihhmi done at Potosi for some years. A largi> nunilxT of 
old ranges, fonnerly worked, are des<'rilx'd by Strong" and ('hamlx»rlin.<' The present 
workings, as well as the gi'ology and topography of the district, are shown in PI. XV, a map 




Kr<;. tl. Small thrust fuiill n««ar I*ot<isi. Wis. 

prepared from detailed survey** made by K. F. liurchard. A. \V. Ijewis, and J. R. Bannister, 
it will be noted that there is a long, narrow stnKtund basin extending to the northeast from 
the southwest corner of the district. Near its eastern end. in .sec. 36. is some of the most 
pronounced deformation in the iTgi<>n, a sharp little overthru.st anticline IxMng developed, 
as shown in fig. 44. This line of disturbance tn'nds a little south of east and^shows plainly 
in the two .stream valleys that it crosses. As-scxinted with it ai-e .several cnnices which con- 
tain galena, and near them « small <)uuntity of galena is di.sseminated through the riK'k, 




Fro. 4."». Map oi prinolpal cn-vicp.s noar Tropo inino. Potcsi. Wis. 

The phenomena arc noiable, as this is the only place in the region where ore is known to 
\ye accompfyiied by such evidence of deformation. The amount of displacement is evi- 
dently very slight, siiwe it is not enough to affect the |M>.sition of l()-foot structural contours. 
The Trego mine, No. 2, was hnated near the up|>er end of the syncline, in the area of l<»cal 
defonnation. In fig. 4o the situation of the workings with relation to the known ranges of 
the region is shown from .surveys made by Mr. Tn^go. The mine, which is now aI>andoned, 
was worked in the Galena formation some distance alH)ve the oil nx*k. 



" Strong, Mo.'ics, rteologv o( NVl*ov\*Vi\. \s-.\-\>»rr. . \tA. i. v\v w*> ~q\. 
* r/iamherlin. T. C, C.cology ol Wlscow^viv. \vr.;v-\>c;«^, wA. \.\^1. yv- ^V" 
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Tlie CardifT Company ha«i two properties in tho district -one not now being worked, in 
the vicinity of some old shallow mines in sec. 25, and a second in sec. 3o. At the latter 
drilling has shown ore near the base of the Galena formation, and a shaft has been sunk to it. 
Drifting is now being carried on to develop the on». 

Tlie Kroag and Webster mine, south of British Hollow, is apparently working in rock 
alK>ve the oil rock. The dump shows some good ore, but the property was idle when 
visited. 

ORE IX THE rUAlRIE Dl' CHIEX FORMATION. 

It has already been shown that the l)eds l)elow the Platteville limestone, except the dolo* 
raitic strata of the Prairie du C\\'\en or "Lower Magncsian," are generally tmfavorable to the 
deposition of ore. In the latter formation ore has l)een found at a numln^rof points, and the 
possibility of large bodies of ore at this horizon has such scientific and economic importance 
&s to demand especial attention. For these reasons the following rather full abstracts are 
given of the most iniportant literature on the subject. There is little to add to what has 
already l)een written since for many years the search for ore in the dolomite has been prac- 
tically abandoned. 

(hren.— D. D. Owen first discuss<»d the matter. In his Hnal report he summarized^ his 
observations as follows: 

The Lower Magiiesiun liineHtoiie. nsit prewnt."* itwlf north of th<' Wiwonsin River, has many charac- 
ters which indicate a metalliferous rock. It occurs, as we have seen, in thick and solid walls, massive 
and durable. It is traversed by rents and fissures of determinate course, of which the walls have but 
little disposition to crumble and give way. It is intersected by spars, crystallizations, and vein stones, 
such as usually accompHuy metallic ores. -Along certain parts of Its range it bears evident marks of con- 
siderable local disturban( e, the signs of an adjacent a.xis of dislocation. It has. a.s already shown, many 
points of analogy with the Upper Mugnesian limestone of the Mineral Point and Dubuque districts of 
Wisconsin and Iowa, a rock which has proved it.self to be extraordinarily productive in lead ore and 
has afforded copper ore of excellent quality, which is now smelted, with profit, in the vicinity of the 
mines. The Lower Magnesian limestone may. in one respect, be considered more favorably situated 
than the upper as a mineral-bearing rock. It is an established fact in gtH>logy that, all other things 
being equal, the lower or older a rock is tlie more likely it is to hv metalliferous, because nearer the 
.sources from whence experience indicates that metallic materials find tlu'ir way into its rK*esses; in other 
words, because in closer proximity to rocks of igneous origin. Rut it has been shown that the inferior 
l)eda of the Lower Magnesiiin limestone of the I'pper Mississippi lie at Icjist 300 or 4iH) feet below the lead- 
bearing bedsof the Tpper Magnesian limestone and »rv separated from the crystal me and igneous rocks 
by the lower sandstones only. 

By reference to my former report in 1839^ it will be seen that it was conside.-ed u remarkable circum- 
stance that in a mining district so rich as that south of the Wisconsin River no basalt, greenstone, por- 
phyry-, or other intrusive or crystalline rocks had, up to the time of the survey of 1839. been observed 
there, since these are in general found in place in the vicinity of productive mining districts. But I then 
expressed my belief, ba.sed uron the abundnnceof metallic lodes in that lead region and upon the irregu- 
larities in the dip of the strata in some localities, that granite and trappean rocks could not be far otT. 
This supposition has been fully verified by the pnvsent survey. One of the most interesting of its dis- 
coveries has been the establishment of the fact that the lowest beds of F. 1. previously described, rest 
either immediately on crystalline or trapjM»an rocks, or there intervenes but an inconsiderable thickne.'«s 
of raetamorphic bwls. 

Therecan be but little doubt that the whole mining region of the Mineral Point and Dubuque districts 
of Wisconsin and Iowa is based upon a syentic and granitic platform, which would, in all probability, be 
reached by penetrating to the depth of from 2.000 to 4,000 feet. 

These facts, taken together, may be considere<l as favorable to the metalliferous character of F. 2. 
Fortunately 1 am able to bring sevtn'al actual di.«!coveries in corroboration of this inference. 

He presents notes on the occurrence of galena at about a dozen localities in VVi.sconsin 
and Iowa, mainly upon the Kickap(H), Upper Iowa, and Turkey rivers. He clo.ses the 
.summary with the .statement : 

*'The above instances abundantly prove that the Lower Magnesian limestone, as well as the 
Vpper. Is lead bearing: whether productively »o or not can not be fully determlne<l until the rock is 
scientifically mined.'* 



a Owen, D. D., Rent. Geol. Sur\ey \Vi9conR\t\, \ov.«l, axvA>^\Tvvwv^cx\«iA^^'l. W-^"^"^^' 
^Senate Ex. Doc. No. 407. 28th C'ong.. 1st f»es^s»\ou, \K?a, V- "?R^. 
fOwen, D. P., op. cit., p. W. 
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Peirirnl. - Pcrcival ttppareiitly tx'lievcd thar the lower strata would prove pniduclive, as 
is shown by th«* follnwinj]: paragraph, quoted l>v Cliaml>orlin« from bis report of l8/>5: 

If thr ininoral is inti'rriipltMl in the upixr sHiuistonr it rrapi)«»H'-s In tho Lowor Magne»ia!i. •Numerous 
iristanops aro stativl of th«« ociMironw of minoral in the I^wor Majmosian in Owen's reports (,IS47. I8r»2i. 
hihI s«'V<'ral otlit*r localitios havo ]n^n nirntioniHl to me by difTcront individuals, noar the Mississippi.and 
in the country between it and the Kickapoo. north of the Wisconsin. 1 shall, however, confine myself 
here to my own obs<'rvation»<. I have not yet had time to explore the country occupied by the I>ower 
Mapnesiaii to any extent an<I have visited no other digpinps In that roclc but those in the vicinity of 
Blue River, known as Ohlerking's dipginps. Thesn. however, furnish satisfactory evidence that tho 
mineral occurs in that rock in as pro^wr o{>enings. in as large mas.«es. ar)d arrangcnl as regularly as in 
the I'pper Magncsian. The diggings are in the sUles of a ravine W) to 70 fi'ct de<»p. leading to Blue 
Hiver. about '.i miles west of rranklin village. The Lower Ma gnesian oifupies the sides of the ravine 
nearly tf> the summit, where it is overlaid by a low blulT of the upijcr sandstone. AIkkiI three-fourths 
of the des<t»nt below the sandstone is occupie<.l by a sli'Cp slop<». foniu*d by the softer iipjior !»ed of thf 
lyower Ma.'znesia'i. l>clow which is aM(»ther low blulT formed by the liarder middle j>orlion of the same 
rock. Three successive openings, one above the other. app<"ar to occur liere in the Lower Magnesian: 
one H to in fe<*t below the sandstone, ajiother just alu»ve the harder middle IkmI. and a third below the 
bottom of the ravi!)c in the la!t<'r bed. a*nl at a depth of about 70 f«^t in the Lower Magnesian. The 
o|M'nings ap|K*are<l partly narrow and vertical, partly wide and flat, with apiM*arances of decomposition 
and stain in the rock, deposits of clay and ocher, and arrangements of the mineral similar to those in 
the l'p(>er Magne>ia!i. Flint, such as is jMvuliar to the Lower Magnesian. is found In the oi>enings, and 
is coniHH'ted with the mineral in the sanu' manner as has bt»en noticed in the flint optuiings in {he Upper 
Magnesian. The mineral in these ojwnirgs generally apfa'annlin more or less detached masses (chunk 
mineral), often very Uirge. weighing iikjic than 100 pounds: a few even mon» than ."iOO pounds. It is 
what is called pure mineral, free from Iron 'ind zinc on's. and strongly res«'ml>lc<l that found in the upper 
vertical oiMMiings in the I'pper Magnesian .\.fter examining this locality. I I'oiild not doubt that the 
Lowf'r .Magnesian is a good mineral-bcarin/ roj-k. 

Whitney. — Whitney has jjiven t!ie fullest consideration to the subject, and hi.s views, also 
.|Uot»^d by ChanilMTlin. are given Indow: 

Thi' advocates of deep mining bring forwanl s<»veral instances of the ow^irreiu^' of lea4 ore in the 
Lower Magnesia), where the rock is e.\pos(»(l on the surfatr to tho north of the lead region, from which 
1 h<'y infer thai it cai U* profiiably mined in. by c(»ntinuing the workings in the regular lead-lH-aring rwk 
of ih<- district down into tlu' underlying forination.s. Now, it might be that the I..ower Magnesian 
could be j)rontably worked in when it lies next to the surfac(\ and yet that it would not pay to sink to 
it through a thickness of ]()() feet or more of unpro<iuctive strata, when necessarily expensive machinery 
would bo re<|iiin'd to keep the mines fre<^ from water in addition to the incrcase<l expenditure for the 
inacbiiicry nniuircd for hoisting from a c(»nslderablc dei>th. We will go further, and make the a99(>rtion, 
based on ])n'My extensive observation in the region, that if the present lead-bearing formation, the 

• ialena linieslone. w<'r<' covered )>y ]<H) feel of unproductive rock, as dlfTicult to sink through as the upper 
•-Hnflstone. the dejiosjis of lead which it contains could only in very exceptional cases be worked with 
profit: and as these cases could not be known beforehan*!, the result, on the whole, would hQ unsatis- 
fact(»ry. Tlierefore. even if it be admitted that the Lower Magnesian does contain beneath the lead 
region as large and valuable deposits of ore as the Tialena limestone, it CH>uld not be mined with proOt 
except where it crops out in the valleys or is overlaid by only a thin stratum of other rocks. This 
vtutemriit is iiiM'li'. of fourse. with ref<'renc<' to the present condition of priivs. wages, etc.. in the lead 
region. 

But on the other hand. \\v are not prepared to admit that the Lower Magnesian ever has Imm'u or is 
likely to be profitably mined in for lead, either when it conies to the surface or when it Is overlaid by 
other rocks. For the piiri)ose of determining this point, we have examintnl all the localities when* 
vralena has been reported as having Imh-u found in any noticeabU; quantity and an^ able to aflinu that 
at the j)re.seut time no profitable mining is carried on in the Lower Magnesian, and that none ever has 

• )een for any length of time: and furtlier. that no well-develop<Ki cn»viivs, or such as could be followed 
to any distance, have ever bcj'u found in it. 

The principal localities which have beetHpiotedand relied upon as affording evidence of thepro<luctivi'- 
ness of the Lower Magnesian are the Kickapoo and Dhlerking's or Moosan's diggings, near Franklin, 
although neither of these has yielded as much ore or Ixk-ii as wf»rthy of notice as those at New (lalenM. 
on the upper Iowa River in Iowa. The last-named diggings anr thus di'scribed by nie in the Iowa 
Report: 

" Along the face of the blufT, in which a thickness of IJO to l.')0 feet of the I^ower Magnesian limestone 

fs expofiod. a. number of drifts have been e\te,i\ded vnlo the rock a little l)elow its juncture with the sand- 

fftone, and considcrahlv f^aleuH has been lakeuowt. T\\e\\TOCftVo\w- VLVV\\v%\>Qvvv\.\^\vt^Qii\ax«dlalt««true- 

fnrfi, appearing as if it had bet 'i i>artia\\y \>roV.eu v\\) alVev a* d^Jv^isWww iwxvev v>AfetvTt^5svawoXRA.\ v^i^^Qs^'^ 

^/ tJje rryck haw also a concretionary Rtructure. auA \\.» v{Y\o\e iivv^^^^>^^ "^^ ^^^^^^ '^^ «^ tv\%XKe>sWN^ 
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has liwn subjoctod to both racchanlcal and cht'nucal disturbances. Tho on» appears to ]m» as5)ooiat(Hl 
.vith lrn»gu!ar strings and bunches of calcareous spar, ramifying through the rock, but nowhere assiii^- 
iiig a regular form, like that of a vein, or appearing to occupy a well-developed fissure. Sometimes u 
little decomposition of the rock has taken place, which has given rise to a sort of opening, but none were 
obsorveti which were more than a few inches wi<le and a few feet long. It is said that between '»0.000 
and 100,000 pounds of ore had been o>)tained from thes<' diggings: but it seems hardly possible tliat the 
operation should have been on the whole a profitable one; and. taking Into consideration the hardness 
of the limestone and the very limited extent to which it has undergone decomposition In the vicinity of 
the mineral deposits, we see little to encourage further exi^enditure at this point." 

i^inw the al)ove was written we have had no further news from that quarter, but consider ourselves 
safe in pn>suming that all thoughts of doing a profitable business In the vicinity have been abandone<l. 
Probably over $.'> were expended there for every dollar's worth of ore taken out. 

The Little Kickapoo diggings were visited by Doctor Kimball In the spirng of 1860, and from his notes 
I learn that they are otrasionally worked by one person, but with no favorable results. A great numl»cr 
of shafts have been sunk for tlie purpose of proving the ground, s<mie of them to the depth of 40 to .'>0 
feet, and as there is no trouble from water, there is no difficulty In the way of following down the ore. if 
there were any to follow. There are fls.«»>in«s in tlie rock without a uniform dlnn-tion, which lead down 
to a .sort of opening in which the ore is found dlssi'minattMl in large mass«»s of flint. The material of the 
opening Is ferruginous and sometimes soft, the whole uMpearanco resembling that of the openings In the 
<ialena limestone. The ({uantity of ore, however, which is found here Is too small to repay the labor 
n-quinMl to get It out: only «l>out 20,0iX> pounds have been taken out In the ten years that the locality 
has been worked over, or about 100 worth a year. 1 1 appears, also, from descriptions given me by lnt<»l- 
ligent miners who had worked at these diegings. t hat t he oiK?ning-Ilke character of the rock only extended 
for a short distance into the blutT, nn<I that on following the deposits beyond the point to which atmo.s- 
pheric agencies have had an opf)ortunity of rcaebing. the strata became hard l^eyond all hope of profit- 
able working. There can be no dou>)t that the hua'ity in cpiestion is not one which can be adduced In 
favor of profitable mining hi the Lower Magne.sian. 

More ri'cently the <x»eurrence of lead ore in this rock, near Franklin, has been made the subject of much 
eomnn'Ut atnl given rise to unbounded hopes of |>rofitable dtvp mining. Thest» diggings, which an? 
known J! ^ Ohlerking's or Moosan's old diggings. »re situatt^l about 2 miles southwest of Franklin, on a 
branch of Blue KivtT. The valley is nnrrow and closed by bluffs, which rise with a .--teep but grassed 
slojM' to n height of 2:^0 to 2rA) feet, of which the lower 70 belong to the Lower Magnesian and the next 80 
ti. the Tpper sand.^tone. which is overlaid by 70 to S() feet of Blue, with thin outlines of the (ralens lime- 
stone on the summit. Doctor Percivnl says that thr«H' successive openings herer)ccur oneS to 10 feet 
I I'low the sandstone, another just above the harder middle bed. anrl the third below the bottom of the 
ravine in that bed nu\ nt the depth of about 70 feet in the Lower Miignesian. 

On visiting this l<x.'ality in 1S.')0 I found only one person at work there, from whom a very dismal 
aecoimt of the prosiHK't of mining In the Lower .Magnesian was obtained. Ife hu<l sunk a shaft 2"» fei't 
deep, from which he had rai.seil about JO pounds of ore: but 1 was unable to det^Tt any sign of crevice or 
r»peuingin theexeavntton. and us no other was accessible my Impressions were necesisa rily very unfavor- 
able in H'gard to the prospec-ts of mining in this formation, especially after listening to the vehement 
objurgations of thi'i soltt.iry miner against his own stupidity in continuing to "i)rospect" in so barn'U 
a rock. Aeconling to this in livldual the on' obtained here was all tak«'ii o»it "'in the grass roots" 
i. e.. close to the surfnce and nocrevicf had ever been found leading down to anything workable, a state- 
ment which agn'f's with all I have myself observed in the Lower Magnesian. 

On the whole, it will be safe to say that no profitable mining has ever hocu carried on in this rock, and 
that it IS entirely wanting in well-developed crevices or openings promising enough to justify expend- 
itun' in proving them, of course it is not impossible that some locality may hereafter be disooven'il 
which shall be workefl fcira time with i)rofit: but that the Lower Magnesian can be called, on the whole, 
a "goo^l metalliferous nK^k" is what we a re not, in view of the above facts. (lispos«»<I to admit. 

.\fiirrlsfi. .1. Miirrish. in his n'port of 1S71, cited a few localities at which lead had been 
fotiiid, and Stroi)*;'^ dc'^rrilK'd sovenil points at which more or le-;s iiiiniiifij had Ix'on done. 

Chamhtiriu. — ('haiulMTlin^ des<-rilM»d tlu? irines north of Highland and .suniniarizcd the 
conditions up to ISSO. a< follows:. 

Mining operation ; liavnig been recently prosecutetl in the Lower Magnesian limestone, near Highland, 
by Mr. Ohlerking, an examination of the locality was made by the writer in September, and subs<'- 
quently the drifts were carefully surveyed by Mr. Wilson, who locaterl them upon the surface of the 
ground and made a topographical survey of the vicinity. 

The mine is l<K"ated on the .slojx' of a ridg<'. the summit of which is forin«'<l by the Trentcm and <;alena 
limestones, the steep s1o|h» by the St. lVl«'r sandstone, and the base by the Lower Magnesian limestone. 
The shaft penetrates 4.'» fiH't of the sand.>»tone ami about an e<|Ual depth of the Lower %»\sp^ft'*'Vic^'^'ccv'i- 
stone. 
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From near the base of this shaft a drift has been extended along an opening in a somewhat irrvf^ular 
course, as follows: In a direction of N.l° K.. a distance of 8 feet 8 inches; thence N. 45 J*> E. 17 feet; thence 
N. 82J° K.. 31 feet 8 inches: thence N. CTi* E., 14 feet 8 inches, where it divides, one portion continuing on 
in a courw N. H()° K.. for 16 feet 6 inches, where the workings terminated at the time of our visit. The 
other portion t»xten<lM N. 28° E. for 15 feet 4 inches, where it terminat^M. 

A branch drift commences at 30 feet from the shaft and extends N. 50** E. for 15 feet 4 inches, when il 
turns to N. 13\° W. and cimtinues 14 feet 8 inches, when it changes again to N. 16° E. for a distance of 16 
feet, the limit to which it had been worked. An older drift has a direction, through al>out 90 feet of its 
course, of N. 16" E., connecting at its southern end with one extending 30 feet In a direction N. 631® W, 
The entire extent of the drifts was about 280 feet. The opening waa largely filled with clay and decom- 
posing rock and contained considerable quantities of the reddish, slightly coheaive substance, known 
among miners in some localities as "joint clay." The wall rock is not well defined, the clay and decom- 
posing material apparently graduating into the modified strata. At the extremity of one of the dnftji 
there was an irregular spaci* t>etween the unmintxl clay and the arching roof of the opening, and I was 
informed that this was a common fact. That which is regarded as the cap rock consists of a layer of 
siliceous dolomite about 1 foot in thickness, over which lies a stratum of greenish blue clay shale, of some- 
what irregular thickness, averaging i)erhaps 6 inches. The openings probably liad their origin in flssure.s 
around which the rock has decomposed, giving rise to the present clay filling. The lead ore was mostly 
taken from within the clay, Iwlng neither a I the bottom nor top. T extracted a piece, however, that was 
firmly embedded between two undisturl)ed layers of rock. The ore seen was chiefly in large cubes. con- 
siderably worn or corrofled on the surface and often coated with the carlionate of lead. 

Subsequently Mr. Ohlerking sunk to the depth of i7/> fwt. developing some further openings, not well 
defined, containing small quantities of large "chunk mineral." From the bottom of the shaft a boring 
with a common drill was extendwl downward to a depth of 84 feet, when* the Potsdam sandstone was 
rrached. Mr. Ohlerking is of the opini<m, judging from the pulverir.ed drilUngs, that oxide of manga- 
nese occurs in considerable (luuntity ut about 3<> feet from the bottom of the shaft to a depth of altout 
12 or 14 fwt. The first 3.''> feet of the boring seeminl to pass through a mass of limestone and flint irn-gu- 
larly mingknl. Below this, down to the Potsdam, thi» formation seems to l>e limestone in regular layers, 
from 1 to 2 feet in thickness. The eutin* amount of on» pro<luced up to 1880 is given at 10.<J00 poimd^. 

Cclrin. — C'alvin, in discussinjj the jjeology of Allainakoe County, lowa,<* described the 
mine at Laasinp, and made the following notes on the general occurrence of galena in the 
formation : 

Mon^ or less galena of very excellent tiuality may be found in all the valleys cut in the Oneota lime- 
stone. In ertxling the valleys the mineral was weathere<i out of pocket* in the dolomite. Pockets and 
crevices containing galena a re often met with in working quarries in the formation. Some of these have 
been brought to light by systematic prospecting, but with one exception the mineral has not l)een found 
in sufficient (juantlties to pay the expense of mining it. With the single kno^Ti exception referretl to 
tlie galena of the Oneota occurs in small j)ockets or fissures, a few Inches wide, and at mosj from a few 
feet to a yard or two in length. There an' no n'gular crevices, and the prospector finds, after penetrat- 
ing a short distance from thr face of thi' l)lull. that the rock around the mineral-bearing cavities is solid 
and n(»t decomposed i»y woathering. The work of mining, therefore, is difficult and the rewanl meager 
and uncertain. 

Leonard.- Letmard reviewed the .situation I' describing the Lan.'ting mine and the old dig- 
gings on Mineral Creek as follows: 

The only mine now l)eing worked In this country is that of the Lansing Mining and Smelting Com- 
pany. locHte<l '» miles northwest of Lansing in T.90 N.. H. 4 W.. sec. 10, NW. qr. This is of unusual 
interest on account of being in the Oneota limestone, in which ore had not pn»vioU8ly l)e«i discovenKl 
except in small quantities. 1 1 was. mdeed. considen^i practically uwless to look for lea<l in this forma- 
tion. Another remarkable fact in connection with this deposit is that it occurs as a vertical sheet in a 
north-and-south ri.<.sure. While these north-and-south crevices are not uncommon in the State, they 
an- usually of limited extent and do not contain large bcKlies of ore. But here the sheet is an e-\tens»ive 
one and (\<h>s not yet show any slpis of giving out. The mine was discovered in January, 1891, by Cap- 
tain Turner, who had reach<"<l theconehiHir)n that lead occurnvl in the Oneota and had done considerable 
prosjM'cting at varir>us points. 

The location is on a hillside that slopt^s to the north an<l ea.**t. While the general direction of the 
ereviii' is nearly north and south (.<. 10° E.). its course* is not straight, but zigzags back and forth within 
eertain limits, so that a shaft sunic on a general eours«> of the fissure may l)e several feet out of the way. 

The sheet has lieen followed 1 .000 feet and its limits have not betm reached either to the north or south. 
At the nr>rih end of the pn-sent workings the fissure is intenupt<»d by a ravine and the sheet thus out- 
trops. There is reason for supposing that it >\ill be found upon the other side. The main body of the 
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uhei't has a vertical extent of from 25 to M) feet, and a width of from 3 to 4 Inches. A shaft was Bunk 1 13 
feet to the St. Croix or Botsdam .sandstone and galena was found in small quantities downward to within 
4 or 5 feet of the latter. The bulk of the ore is. however, about .jO feet above the sandstone. 

The sheet of lead is either imbedded In the creviw clay or fills the entire space between the rock walls. 
Where it extends south under the hill and has been little exposed t^ weathering agencies, the sides of the 
fissure have not undergone decomposition and the sheet is in contact with the rock. In other places 
where examined an inch or so of clay was f(»und l)etween it and the limestone, the crevice in this case 
being from 6 to 8 im*hes wide. Again, the fissure may open out imtil it has a width of 3 or 4 feet, and 
then be (Uled with clay, with the sheet of ore against the wall. In such a case the ore commonly hes 
against the east wall, or toward the lower side of the hill. The sheet does not extend vertically to the 
surface, but in the uppers or 10 feet curves over towanl the east or down the slope. Kvidently there has 
been a slipping of the hillside which has carried with it the top of the sheet, this bending being a result. 

Most of the ore is taken out in pieces of considerable sire. The galena is filled with many cavities, often 
lined with crystals of lead carbonate or cenisite. formed by the alteration of the sulphide. %)no sample 
8bowe<l 80.55 per cent of lead. The ore contains nearly 4 ounces of silver to the ton. At the present 
time (November, 1895) the production has reachetl 500.(XK) pounds with excellent prosp<rts for the future. 

Lead was formerly mined at one other locality in Allamakee County, on Mineral Creek (T. 99, U. 6 W., 
sec. 13). about 2J miles south of where it empties into the Oneota. Near the confluence of the two 
streams a small town. New (ialcna, sprang up, and during the years 1K,VW)7 prosp*»cting and mining 
were actively carried on. The mines were in the upper part of the Oneota limestone, not far from its 
juncture with the St. Peter sandstone. Mineral Creek has cut its valley through this sandstone and 
well down into the underlying limestone, which here has an exposed thickness of more than 100 feet. 
This latter rock shows e^idence of considerable disturbance, being more or less brecciated. and has been 
recemented by siliceous material. It is full of cherty, or flinty, matter and is very impure. 

The mines were on a hillside and were worked by means of short drifts. Instea<i of being in crevices 
the ore occurred scattered through the limestone, necessitating considerable blasting. None of the 
drifts extended more than 40 to w feet from the surface, as the mineral-bearing rock did not reach a 
greater depth. To separate the mineral great heaps were constructed with wood Intermingled with the 
rock. These were fired, and after the fire had done its work the heat was found to have been insufficient 
to melt the galena. It had only broken the rock into small pieces. Then this was washe<l and the min- 
eral was separated. The latter was smelted in a furnace located at the mouth of Mineral Creek. During 
the two years that the mines were in operation 6,3 pigs were turned out and this trifling return represents 
almost the entire product of this district. When the locality was visited early in 1894 some prospecting 
was in progress, but with little chance of success. Float lead is found (juite abundantly in the country, 
and the Oneota probably contains more or less of this mineral. But is it doubtful whether, as a rule, the 
ore occurs in well-defininl crevices and in amounts sufficient to nuike the mining profitable. 

Summary. — ^Those citations have l)een «:ivpn somewhat fully, .since no work has l)een car- 
ried on in the Prairie du Chien for some years and it h«« been impossible to collect new 
not^s on the occurrence of the ores. The fact that in a formation so well exposed and so 
excellently situated for the discovery of ores pracucally no ore has been found must argue 
strongly against any notion of its general productiveness. It is probable that .some galena 
is indigenous, but there are no known reasons for expecting many or large ore bodies to be 
found. Certainly the ores found in the higher l)eds have no direct relations to those tjelow, 
except as the latter have In^en derived from the fonner by downward and lateral transfer 
through erasion and reconcelit ration. 

In areas where the Prairie da Chien is now exposed the Galena and Platteville were fomierlv 
present. If they were then mineral bearing, as they are now in the mining region, it is 
natural to suppose that as they were eroded some of their mineral content liecame segre- 
gated in the dolomite below. 

It is impossible to say that further prospecting will not develop ore deposits in the Prairie 
du Chien. Indeed it is pro!)able that more of such deposits will be found. iSo far as expe- 
rience indicates, however, they will not l)e of the type found in the Galena-Platteville, but 
may be expected to l)e vein deposits such as that which was worked at Lansing, Iowa, or 
some sort of disseminated deposit .sucli as occurs in southeastern Missouri. The hope of 
finding the latter is not strong, but the ore found on Mineral Creek is reported to have lx?en 
of this character, and such bodies, even if found in the past, would not have l)een workable. 
Under present conditions any -iuch deposit would Ix* worthy of careful investigation. 
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GENESIS OF THE ORES. 
H 1ST< )K ICA L H KS V M K, 

Karl'/ nfrumex. The eurlu'st visitors t<» this roj^itui dcvoletl appaivntly l)Ut little thought 
to the g(Mi»'si> of tin* ores. They w<'rc» mainly conceriied with their distribution and mode of 
oecuneiK-e. Aside from a vague n'fei-enee or two in the writings of Featherstonhaugh and 
Sehoolenift . there is littlo of reeord. Apparently they aeeepted without spt»cial thought the 
then eurreni dietum that ore dt'|X)sits weiv the result of the aetion of dt»e|)-seated,aseendin;(, 
waters. Owen, indeed, hrielly discussed the problem and attached some significanc<' to tin* 
presence ^ a "granitic and sycnitic platfonn " at no great distance U^neath the productive 
horizons. In this subsecpient investigations have failed to sustain his views, .since the prt»- 
nounced unconfonnity alM)ve the.se pre-( 'am bri an igneous and metamorphic rock*i was early 
seen t<i preclude any direct connection lx»tween them and tiie ore deposits. 

Serious study of thv genesis of the deposits was initiated with the work of Porcival and 
Whitney. Both of thes*' men lx»gan their studies of the region in connection with private 
nulling companies, and each in turn later .studied the field under the auspiex^s of the State of 
Wisconsin. Whitney in addition pn^pared rejwrts for the States of Iowa and Illinoi.s. • 

While they l)egan work in the ix»gion at alwMjt the .same time and wert» l)oth accurate, 
paiiLstaking obstMvei-s, they came to opiX)siie conclusions. Peicival Udieved in the de<^p- 
seated origin of the ores and inferred them to ascending tiiermal waters a<^'ting along fault- 
ing fis.sun\s. This was the orthodox d(X"trine of his time. Whitney lielieved that the oit's 
were concentrated from th<> surrounding rocks by the acticm of shallow, descending watei-s, 
and failed to find evidence of any considerable faulting. Vnmx the first, therefore, these 
two schools of tliought have l)een represented among the inve.stigators of this region an<l. 
while tit is fair to say that for many yeai*s the coasensus of opinion ha« favored the genend 
theory typified by Whitney's view, there are even yet vigonnis dissentients. 

./. G. Perclral. In considering the views adv(K*ated by Percival it Ls proper to n»call the 
fact that his studies wen' essentially pn'liminarv. He died l)ef<)re his work wa.s completed 
and his second re|)ort was issued after his death. It is idle to specidate as to the changes 
his views might have undergone had he gained a more complete kruiwledge of the district. 
His conclusions can Ik» judged only as they arc known to us. Percival was an unasually 
painstaking and accurate observer, and this fact gives importance to his belief in the 
pre.s<»nce of faulting in the region and its significance in relation to the oix^ deposits. His 
l)eliefs are }x»rhaps .sufficiently indicated by the following quotation: « . 

The <»|)ini<>i) rxprrss^'d in my foriiKT n-port. that thomincnjl wa.** derive I from iMjiieatli, is strength- 
enod not only by tlir peiiornl ro.<iiilts <»f my o])servation.s in tlie diggings, hut by the ap{)earance of dis- 
turl)nnce in th«' <trnta. pa rti<Milarly along tlie line )f thegifat l)ody of mineral traversing thi* middle of 
the (li.'Jtrict and by the n'lation in the lM»aring of that body to the exteuivo ranges of primary and 
melamorphio nx'ks toward the northeast, indicating; tliat the mineral may have arisen fn>m a mass of 
sncli rocks iMMieath the ^«'con<lar\ >trata. 

Percival d«H»s not seem to have recogm'zed the possible influence of inecpialities in original 
dejxvsition, nor d<M's the fact then appear to have Ix'en recognized that differences in the 
lithologA- of the same l)ed could Ih* due to differences in the depth to which dolomitization 
had extended. To thes(? two causes, supplemented by gentle deformation, are referred the 
phenomena which he interpn^ted as faulting. So far as present obser\'ations go no faulting 
of more than a few inches is known in the region. This matter has already \yee\\ di.scassed 
on page 43. 

J. I). Whitiu'ij. —\n sharp antithesis to Percival's U'lief in derivation of the ores from 
l)elow. with hx'alization along faulting fi.ssures, stands the theory advanced by Whitney. A:< 
a i*e.sult of .studies, extending through .several years, he con<'luded that the metals were 

originally precipitated from the sea at the time the surrounding n)cks were fonned and 

_ _. _ ^ 

a Ann. Kept. Oeo\, Sv\rvv»y \Nv^»o\\ii»\w, \Xife, v.^Si. 
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were later concentrated in tlieir present sitUHtioii by tlie action of ordinaiy underground 
water. He appealed to organic matter as the cuux» of tlie original precipitation and 
thought that the Ordovician scjls contained unusual amounts of the metuls. The localiza- 
tion of the deposits was explained as due, in part, to the pn»s<»nce of unusual amounts of 
Clonic niattiT and in part to opportunities for secondary concentration. 

Thi.s wa.s the first application to this region of the theory of lateral .secretion, as it came 
later to l>e termed, and Whitney's main ctmtrihution was his recognition of the fa<*t that 
the or»*s were derived from the surrounding riwks and concentrated hy the circulation of 
ordinan- underground water. The clear rect>gnition of these facts at .so early a period, and 
in the face of current opinion to the contrary, is notable. Whitney's e.xplamition of the 
localization of the deposits ha.s not appean»d altogether convincing to sul)sequent worker-s. 
and he left many details of the processes of lK)th t)riginal de|)ositioti and .sulwecjuent con- 
centration to l)e worked out. The imiK)rtance of the zinc dejxwits wa.s almost wholly 
unrecognized, and his studies were neccssanly ct»nfined almost entirely to the deposits 
found in crevices and openings. The considerable diffcrc^nces l)etween them and the lower- 
lying bodies now l>eing wt)rked would .st»ern to warrant incjuiiy as to whether the e^xplana- 
tion offered by him applies to the whole of the deposits. 

T. C Chumberlin . —The second geological survey of Wi.sconsin devotcMl elal)orate study 
to the lead and zinc rt»gion. Strong, who Ix'gan the wt)rk, did not live to complete his 
•study of the material collected and accordingly contributed little to the discu.s.sion of the 
theoretical questions involved. This work fell to Chamln'rlin, and in the paper alread}- so 
fretjuently cited*' he h»is given much the most complete consideration of this phasi* of the 
subject that has yet appeared. 

In general, Chaml)erlhi's con<-lusions are foimded on those of Whitney and advanc^^* the 
theory' of the latter to much greater precision of detail. On the fundamental que^stion of 
the .source of the material he agrees that the metals, originally derived from the ciystalline 
ro<;ks in the area to the m)rtheast. were, during the process of sedimentation, dis.-^eminated 
through the Galena and Platteville l)eds. This conclusion he reached, us did Whitney, 
mainly by the eliminatitin of otlnM* stmrces from consideration, but the rcMilt was checked 
by a calculation showing that the ainount of material neces.sary to produce by concentra- 
tion the richest known ore Ixxlies was very small, "one fourteen-hundredths of 1 |HMcent.'''» 
The cause of the regional location of the de|)osits was found in the paleogeographv of the 
Mi^si.ssippi Valley and a hy|>othetical riiapping of ocean currents such as to produce a shon* 
current and largt' eddy in the region. This was thought to Ix* favorable to the unu>ual 
accumulation of oi-ganic matter, particularly of plant i-emains. with con.^equent reduction 
and precipitation of the sMli)hides. 

Tlie minor localization of the dei)osits was explained by the observed fact of their <ie(ur- 
rence in "synclines." which were held to be in part depositional and to have furnished 
favorable conditions not only for original pre<'ipitation but for later concentration. 

Tlie pro<*ess of concentration was studied in detail and lH)th the dircMtion «)f underground 
flow and the nature of the ehemi<al reagents and reactions involved were considei<^'.l. The 
vertical order of the de|H)sits. galena alM)ve and blende lx»low. was noted atid a .suggestion 
was made as to its rvxplanation through ".s(»l(»ctive chemical afTmity." 

(%aml)erlin's conclusions have .st<M>d the test of time remarkably well. In .some particu- 
lars they have lH»en criti(i.s<»d: in others additional information has brought greater cer- 
tainty or more detail. The s|M*cific criticisms and changes involved will lx« discussed in 
detail later. 

H'. P. Blake. In \S\YA Blake, after spc'nding twt) yeaiN at Shullsburg in the di-velopment 
of zinc properties, r(»curred t<> IVrcival's opinion regarding the pR'sence of faults in the 
area.'" He, however, followed Whitney and Chamberlin in U'lieving that the ores were 

«The ore deposits of sonthwe.stoni Wiseoiisiii: (Jeologv of Wisc-oiisin. vol. 4. 18sj. pr>. :<«;') 'u\. 
6 Op. cit., p. .VW. 

c Bull. CJeol. Soc. Amorica, vol. .'>, 1«94, i)p. 2.V.T2; Trims. .\m. \\\*\.^\\\\. YA\\L.,\<A.'ilA^S>\>VV"^5^*^**''- 
621-635. 
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ck»rived from the surrounding rooks rather than from 1k»1ow. He emphasiz<Hl, without 
atti>mpting to explain, the fact that the deposits were found in a driftle«s area. HLs main 
contribution was the pointing out of the importance and significance of the oil rock, thougii 
in explaining the pres<»nce of the hydn>carbons in it he had recourse to a theory of subma- 
rine exhalations of wliich there is no indep<»ndent evidence and for which there is now no 
necessity. 

W. F. Jenruy. —\t the same time that Blake wn)te, Jenney discussed the region," going 
back entirely to Percival's notion of derivation of the ort»s from indefinite depths, with 
localization along faulting fissures. His observations were mainly up<m ore deposits in 
the Ozark n»gion, tliough he spent a sliort time in the upper Mississippi rt»gi<m. His argu- 
ments were based upon analogy and certain bnjad generalizations regarding ore deposits 
in general. 

Arthur Winslow. -Winslow, as h result of his studies in AHssouri, arrived at the conclu- 
sion that tlie Ozark ores were altogether the result of secondary* pnH*e8s<»s.6 He l)elieve<i 
them to have been concentrated in their presi«nt position as a n'sult of the decomposition 
and erosion of overlying Ix'ds. He suggested that this theory might also prove applicable 
lo the deposits in the up|x*r valley. He called attention to the wide distribution of lead 
and zinc, and at his suggestion J. D. RolxTtson made a niunl)er of large quantitative analy- 
st's of the rocks of the Ozark region. The limestom^s, including evidenth* dolomites, 
showed an average content of .001 9S pound of galena per cubic foot of rc»ck and .0063 
pound of blende. The largest iM'rcentag<»s of the metals were found in th«» crystAlline 
rocks, but the numIxT of analy.ses was not consider<»d sufficient to establish this as a rule.c 

A. G. [jtunard. — In ISlKi, as a result of studies of the Iowa deposits, Leonard pointed 
out difficulties in accepting Winslow's explanation arising from the pn^sence over nuich of 
that area of the thick, impervious Maquoketa shale. He adopted Chamlx'Hin's explana- 
tion l)oth of the origin and lof alization of the ores, stating that "it furni.shes, on the whole, 
the most plausible explanation yet offered for the localization of the uppt^r ^^ississippi 
deposits.' *'' 

CaJrin and Bain. In IIKM), after studying the Dubuque de|x>sit.'). Calvin and Bain 
acc<'pted in the main the conclusions of Whitney and Chamberlin. They checked the sug- 
gestion regarding the presence in the country rock of the metals ui disseminated form by 
large (juantitative analyses similar to those made by Winslow and called attention to the 
close* asscK'iation of the deposits with dolomite, suggesting that the conditions which pro- 
duced regional dolomitization of the Oalena were favorable to the original pnx<ipitation 
from sea water of the metals. 

C. R. Van Hin*'. M about the same time* Van Hise discussed the gimeral principles con- 
trolling the deposition of oresr and applied them to the deposits? in this region. In this 
paper several important advances were made. The theory of the derivation of the ores 
from the surrounding ro<*ks was accepted. Their hx-alization was explained upon a wholly 
new basis, namely, that they were clustered round the outlet.s of an older artesian circula- 
tion which had first concentrated material that had l)ce!i widely diffused through the region. 
The present ore deposits were held to be the result of a stK-ond concentration by downward- 
flowing waters that acted essentially as had been postulated by Chamberlin. The details 
of this proc'css were elalx)rated and in particular the present vertical order of the deposits 
was explained as a result of the process now called "secondary enrichment." This paper 
attracted wide attention and greatly stimulated the study of ore deposition in the Missis- 
sippi Valley. Van lli.se and Bain./* worked out the application of the principles to the 
Joplin district and held them to Iw very probably applicable to the other districts in the 
Mississippi Valley. <7 



"Trans. Am. Inst. Min. ¥a\v.., vol. 22. 18i»3, pp. 2t>K-2l2. 

'' Missouri Geol. Survey, vol. 7. 1894, pp. 477-IS7. 

f Op. cit., p. 482. 

d Iowa Geol. Survey, vol. 6. 181)6, p. 61. 

' Trans. Am. Inst. Mln. l^ng.. vo\. *A^, \9tt\. v\>. 27-177. 

/Twenty-second Ann. Kept. V. ft. CiwA.'^utve'^', v^'^A'^^, V&-'ia<-*rK. 

Inst. Ai in. Eng., Lou«\ou, \9(«, wv^iW.. v- ^- 
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U. S. Grant. — In 1902 Grant took up the rostudy of the Wisconsin mines and in 1903 
publishi^ a preliminary report in which he accepted Van Hisc's conclusions regarding the 
genesis of the ores. In a second report attention was directed entirely to the distribution 
and structural features of the deposits under an arraiipenient whereby the further study of 
their genesis was taken up by the writer. 

Resume. — From tliis brief review of tlie opinions of earlier workers in this field it Ls 
apparent that in recent years the general disjmsition has be<»n to concede that the ores 
originated tlux)Ugh some phase, at least, of lateral scH'retion. The theory that the ores 
were derived from deep-s<'ated sources has Im^imi apjx'aled to only on the basis of analogy 
and general principle's. The main difficulti(»s in the way of accepting the doctrine of the 
genesis of the deposits through lat-eral secretion have grown out of the problem of the • 
localization of the deposits. To meet these difficulties two sorts of hypothest»s have been 
advanced: first, that the material was originally sonu'what unequally distributed through 
the rocks as a re-sult of varying conditions of sedimentation, and second, that the material 
WHS originally approximately evenly diffused and that present inequalities art* the results 
of the manner and degree of later concentration. The views of Whitney and Chamberlin 
are typical of the fii-st gnnip; those of Van Mise and Win.«ilow of the siM'ond. 

STATEMENT OF THE PROBLEM. 

Before entering upon a detailed arcount of the results of the present studies as they 
relate to the genesis of the.s<' de|><)sits it may ho helpful to n*view briefly the facts of oc^nir- 
rence which any satisfactory theory nuist take itito acctumt. These relate to (a) geographic 
distribution, (b) geol»)gic position, and (r) mode of (Mcurrence. 

(;KcM:iiAi»nic nisTRiBrriox. 

By referring to the description already giveti it may 1h' noted that there are two facts 
of ge<^n\phic distribution which must 1k» considei-ed. The first is the limitation of the 
mining area to a certain definite part of Wiscon.sin, Iowa, and Illinois, and the second is the 
distribution of the (k'posits in ramps or districts within this region. The reason for the 
major distribution is by no means obvious. sin<"e the Galena fonnation, in which the deposit.s 
mainly occur, has a wide e.xtent through the other parts of the States concerned. For 
many miles to the .southeast ecjuivalent Ix'ds extend in characteristic development, with 
apparently abundant opportunity for secondary concentration of such ores as may be 
present, but without uuy such concentration having taken place. In eastern Wisconsin 
the Galena formation again appears well developed and without ore, and in Missouri, even 
where the .s;vme horizon is develoju'd within a lead-zinc region, it i barren. If attention 
be directed to the underlying Platteville, much the siune state of affairs is found. In the 
cose of the Prairie du Chien it is true that ore (X'curs in tM|uivalent lx»ds in the Ozark region 
and that there are small s<«attered occurrences of leatl and zinc minerals in much of the area 
north of the Wisconsin Kiver. The fact, however, remains that outside Ifie mining re^on 
thiB, as well as the Galena, is barren. 

To say that the distribution is conditioned by the absence of the drift only partially sat- 
isfies the c<mditions. sincv there are broad barren areas of all these fonnations quite as free 
from drift as are the productive areas. Tliis leads to a c^)nsideration of the second impor- 
tant fact of geographic distribution -the s4»gregation of the deposits itito definite di.stricts 
and camps with barren areas l>et\veen. This .s4«gn«gation. which was early recognized and 
which has b<»come more and more (lefin<»d as pro.specting has gone fonvard. is one of the 
m«>st difficult farts for any theory of genesis to explain. 

o>x>1jcm{Ic posrrioN. 

To satisfa<'t^)rily explain thest* de|>osits, a<'<'ount must lx» taken of their abundance in the 
Galena, their spars<« distribution in the Prairie du Chien, iv\\dv\w\t ^\«kfc\A^v\ v>\Yefc\v^v, vcv^^^& 
Niagara, all of which nro, in t/ie main, HtboiopeuWy s\\\\\W Yv>i;Vs ^v^nAvv^A \\\ ^Xv^ >?«xs\^ 
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!x»jji<)ii. Tho distribution of the ores from the top of the Galena even up to the actual con- 
tnrt with t\w Mau|uoket:i down to the glass rock of the Plat teville, their particular abundance 
in thr upixT Plnttevillo and lower Galena, and their practical alx?ence from the dolomite 
ciuany U'ds in the lower part of the Platteville also cjill for explanation. The presence 
of the ore deposits mainly, at least, in the shallow basins or synclines which characteria* 
the area and their practical al)sencc elsewher«» is pn)bably also signific^vnt. 

MODK OF (K'CURREXCK. 

The distribution of the on*s in crevices, o|>enin<js. pitches, and flats, particularly their 
relations to the latter unitjue form of ore lK)dy must Ik* taken into account. The pitches 
and flats, so far as ol)s<>rvation and residing show, constitute a ft>rm of on* IhmIv almost pecul- 
iar to this district. Certainly nowh<»r(* el.s<' is it so well develo|)ed or so common as herf*. 

The a.ss(K'iation of the ores, their general fn'edom from ganjruc niinends. the simplicity 
of the ass<K'iation and the absence of the coniplex airst'uides, antimonides, and sulpharsenidts 
whi<'h mark similar ores in the West, the practical absence of silver and the entin^ al^^enc*' 
of gold nuist all \h' tak<»n into reckoning. The order of depositi(»n. the relations of the .sul- 
phides to each other in the ore bodies, in verti<'al order and in relation to underground water, 
all thes<' an* important and significant. An explanation, t^> l)e satisfactory, nuist offer a 
nitioiiiil cause for all. ft is clear tluit the facts of distribution and tn^currence may be 
accounted for by factors relatitig to the primary origin of the onv or to their st^-ondary 
n»concentrati«»n or to lH)th together. It will Ix^ helpful, then'fon\ to coasider. lirst, the 
original source of the metal: s<»cond, the pr<K*esses by which they have been concrnirated 
to form ores. and. third, the d<'tails of the pnK'e.ss<»s through which they have Imhmi alteriHl 
and n'coiicentrated. if it provc's that tln're has lx»en mon» than one stjige of concent rati(ai. 

ORKilNAL SOIJIU'E OF THE METALS. 

(>B.IWTI()NS TO TUFXHIY OK I»KKI'-SF:.\TRI> OUltJIX. 

That the ores were <'oncentr-ated from the surrounding rtH'ks is now so generally conceded 
that it is necessary only tt) mentinn (he prineipal objections to any hypothesis which wtndd 
derive them from lower horizons. Xo veinx in this district an^ known to attain mon* than 
a limited de|)th, despite the fact that mining has been carried on actively for nearly a hun- 
dred years. The veins worked have none of the usual characteristics of the "true fissuro 
veitis" of the West, slickenside and gtaige l)eing almo.st entirely absent, the orv .slux>t$ hav- 
ing their niaj«»r axis in a horizontal rather than a verticil din'ction and the association of 
the on* minerals and gangue iH'ing strikingly dilfei-ent. It is believed to In* significant that 
in thoM' ore deposits of the .Mississippi ValKv which may Ik^ assigned with some confidence 
to a dccp-'N('at»>(i soiircj' those of southern Illinois and s<nithwe.stern Arkan.'<ius--the asso- 
ciation of minerals and (lie mode of <M'currence are entirely dilTerent." 

It has Immmi shown that there is practically no faulting in the upper Mississippi region 
and that igncou-; rock> are entirely abs<»nt. The ivgion is an exception to niinenil di.**- 
tricts in general in the very slight amount of deformation which ha.s taken place. It b 
tnie that, as :i whole, it is within a war|MMl area, and that the exact naturt* and cause of this 
post-Tertiary warping arc :i«< yet imexplained. This broad gentle deformation has no rela- 
tion to th(» ore deposits which has y(»t lK*en made <ait, and it is far fmm certain that it is 
to lj<^ c<»rrelated even with the shallow local synclines in which the deposits actually tx»cur. 

Asi<le from these negative objections, there are certain positive difficulties in the way of 
iR'lieving in a derivation of the or<*s from Im'Iow. Their prest»nt position, as .shown by the 
field evideiK'c. indicates <learly (hat they <'ame from above. The presence of stalactites of 
ore and the general disposition of (he oiv bodies to flatten out in bn)ad sheets on top of 
every imp<'rvious U'd admits of no other explanation. This, it is tnie, pnwes nothing us 

aBulu, U. F., Fiuor.Hpar doiH»its t>l ^oviWu'vu WUwvns. HvvU. I'.S. (letil. .Survey No. 'iVi, 1903, PP^ 
01-67. 
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to the original dfrivatioii of the ores, since the last step in tlie pi-occss is evei the most evi- 
dent one, but it may certainly l)e (questioned whether the ores could have come up from Wow 
without somewhere showing evidence of the fact. There should l)e at least a reasonable 
numl)er of sejrregations of ore under, as well as alH)ve, impervious l)eds, particularly in the 
lower-lying unoxidizi'd bt^ds, wheix* later reconcent ration ha,s presumably Ihmmi least etTect- 
ive. The accompanying descriptions of the mines will, it is l>elieved. c(»nvince any one of 
the almost entire absence of such relations. 

Tlie lower portion of the Platt<?ville, the "quarry l)eds,** is a massive dolomite, similar 
in all essential particulars to the Galena. It is apparently well suited to contain ovv. lM>dios 
and is well exposed to observation. It is almost entirely barren, and on any hypotht^is 
of derivation fn)m lx»low it is diflicult to assign a <'ausc» for the transfer of the solutions 
through this favorable bed t^> higher horizons In^fore deposition o<'curi-ed. 

Another difficulty is found in the pn'vsence beneath the district of the great aquifers of the 
Cambrian and the St. Peter sand.ston(». Thes<' porous heds are chargc'd with artesian water, 
and it is difficult, if not impossible, to (HJiiceive any prm-ess by wlii<"h heat^'d ore-ln^aring 
i4>Iutions could rist» through them without be<*oniing difTus<»d. 

Tliese various difficult i«'s nevr have been met by any of the advocates of a de(»p-seated 
origin of the ores, and until they are met it is useless to ap|K>al to any such hyi>othe,si.s. 

ii;n.MATF soriiCK of the mktai^s. 

For the original source of the zinc and l«'ad we must doubtless ltM)k to tlu* crystalline rocks 
of the Lake Superior region. It is from this region that the lime, magmvsia, and sand now 
found in the formations of the zinc and lead region came. In Canada" and in northern 
Minnesota^ there are scattered deposits of the ores of thesi^ metals in the oldor fonnations, 
which were exposed to en)sion in Plattevill • and Galena times. During these ei)oehs the 
n»gion wa.s apparently base-l!'v<l'>d and the drainage from a wide an'a reached the lK)rdering 
sea.s. Mechanical erosion was at a rninimuin atul solution was activr. Magnesium, lead 
and zinc have many chemical reactions in common, and it would scorn inevitable that where 
one of thes<^ metaK was transported in (lutinrity fnun \hr land to (he ocean, (Iw others would 
follow, and that certain amounts wtnild b.' deposited. 

/.INC AM» I.KAI) IN < \MMR(>-<)KIX)VU'1AN HiK'KS. 

Tliese entirely theoretical, though, it is b.'lievcd, well-founded considerations, may U* 
confirmed b}- a rortain amount of dinct evi(len<v'. It is very <-o'nmonly tnie that the 
f'ambro-Ordovician doloMiites and limestones of the Mississippi Valley .show the sporadic 
(K'currence of l;'a<l and zinc. To a l"ss cxt^'Ht the same thing is true of the other lijue.stones 
iUid dolomites of the area. .Vll of the productive deposits of the vall(»v, except those in 
southwestern Missouri^ and in the southern Illinois di.stricts^/ are in this series of l)eds. 
The.s<» districts arc hi lieved to represent special cases. 

This widespn'ad occurrence of the ores can repnvsent only an ecpially widespread distri- 
bution of the metals that enter into tluMr composition. Many of the limestones and dolo- 
mit<'sof the Mi.ssi.ssippi Valley that lie far from any known body of mineral and are (juite 
barren when examined by ordinary methods of analysis .show notable percentages of both 
lead and zinc when t<*sted by the large quantitative methods us<»d by Wiaslow and Rol)t»rt- 
.son.' In the {rollowing table the results of similar t^'sts made by .1. B. Weeins on rocks 
occurring neju" DuluKiue are given. While the jxTcMMitage of the minerals is in no casi» 
large, the total amount by acn» or s<|uare iiulv of the formation, assuuiing that the speci- 
nieas represent average conditi(ms, is sufficient to account for the largest leads in the region. 



a Kept. Ontario Buroau of Mines. I'JW, p. 2.*>: 1904. pp. 11. 87: Ontario lyead an«l Zinc Corapany*H Rept. 
on property, by C. M. Hoj»j», naniuhlet, 15 pp., Duhith, 1903. 

^Sevontli .\nn. Ropt. Oeof. ami Nat. Illst. Survev Minnesota. 1S7S. pp. 14-21: Final Rept., vol. 5, 1000, 
p. 430. 

f Twenty-scioud Ann. Rept. V. S. Oeol. Survey, pt. 2, [\n)\, pp. 207-212. 

d Bull. U. 8. Geol. Survey No. 2.V>, 19a'), pp. 61 -fit. 

« Missouri Geol. Sun'cy, vol. 7, 19^, pp. /40-742. 
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ine presence of the metals in the rocks in widely disseminated and minute quantities is 
obviously susceptible of two interpretations. In all mineral districts, even tbos(» where the 
veins are most persistent and most sharply defined, the ore has a greater or less tendency 
to spread out from the veins proper and Impregnate the countr}' rock. In a region much 
cut up by veins the count ri- ro<-k may In^come so thoroughly mineralized that it may itself 
be an ore. 

It is clear that the action of circulating waters may tend either toward dissemination or 
toward concentration of a particular substance, and that the elfects of this action will 
depend upon a number of factors, including the chemical character of the substance, of the 
solution. and of the country rock. and the rate, direction, constancy, and duration of flow, and 
the temperature and pressure of the circulating solution. A set of conditions under which 
ore oc-curring in definite veins might l>ecome thoroughly disseminated is so ptKssible that 
doubtless much ore, even in the region under discu.ssion. has Ihhmi .so distributed. It is 
not, however, l)elieved that this is true of the bulk of the on^ bodies. In order to make 
such a cx)nclu.sion valid it would l)e necessary, first, to demonstrate that the vein fUlings 
were themselves of deep-seated origin and were not due to lateral .segregation, since the 
proceas of concentration is as conunon and easy of (K'currence as that of dissemination. 
If it be definitely proved that the vtun dei)osits of this or any other ore district had their 
origin in deep-seated cau.ses, then the probalnlity is that any disseminated ore has been 
carried out from them, and in such a case it would l)e expected that the quantity of ore so 
found would regularly decrease with increase of distance from the vein. In any other case 
the burden of the proof is ujx)!! tho.se who hold the widely disseminated and minute quan- 
tities of the metals to be wholly s<'condary. Against such a view there are certain objec- 
tions which may In* justly urged. 

DEPOSITION OF ZI\(' .\XD LKAI) FHO.M TIIK SE.\. 

It is a well-established fact that minute (juantities of nil the common nu'tals occur in sea 
water. A few years ago J. R. I)onn« investigated this (|uestion afr(»sh and confinned the 
eariier findings. If the metals (nrur in minute (juantities in the sea it is difficult to under- 
stand why they should not be supposed to tn-cur in minute (|uantities in sedimentary rocks 
which are formed in the s<'a. If calcium and magnesium, which wcur in larger though 
.still small quantities in ordinary sea water, can Ih» dejx)sited either by chemical or other 
agencies, why not lead, zinc, and iron^ The mere statement of the ca.se is sufficient to 
show the inherent probability of its <x'currence. Again, in .some of the analyst»s quoted and 
in others given by Win.slow and KoU'rtson,'' the metals are found in rocks miles from any 
known or probable vein deposit. In ordinary field work nothing is more common than to 
find small quantities <»r metallic* .sulphides in undi.sturbed rocks, wholly out.side linowm 
mineral regions. Such an instance is the o<*currence of blende and of millerite, as reported 
by Keyes^ at Keokuk, and of blende in the limestone of Van Buren County, Iowa, and 
elsewhere. Blende occasionally occurs in the st»ptarian nodules of the Coal Measures; and 
iron sulphide is one of the most widely distributed of minerals. To aasume that all of these* 
occurrences are due to a wandering of on* from some vein deposit requires l)etter proof 
than has yet Ijeen given. It may Ik* impo.ssiblc to prove that the metallic sulphides an» 
al)solutely original nwk constituents, except when* they form the basii* con.stituents o\ 
pyrogenetic nn-ks, yet something mu.st b<' allowed to probability, and up to the present it 
would seem that tin* evidence may justly be interpreted to mean that, except w^hen found 
in definite association with veins of known or probable deep-seated gen€*sis, disseminated 
metals are probably original. So far, therefore, as this evidence goes it would seem to 
warrant l)elief in the widespR'ad distribution in the commcm stnlimentary rocks of those 
metals which chara<-terize ore deposits found in such rocks — iron, lead, zinc, and, to a less 
extent, copper. 
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132 ZINC AND LKAD IN TPPKR MI88WSIPPI VALLEY. 

It liHs iM*on coininon to ns.suino that zinc and load, m) far aH they an' disseiniuated thnmgh 
thv st'diiiu'ntarv nK'ks, exist lai^oly as .su!phid**s, thougli Wiiislow speciricaUv disclaims 
any knowledj^e on this point .« Tlie assumption is apparently Imsed upon the facts that 
the most minute (|uantities with whicli wo are familiar in the unoxidized rocks m-cur as 
sulphides, and that the conditions of prtvipitation along the sea Iwttom vcr}- lai^ly favor 
the throwing down of the metals in this form. Whetlier the metals be brought to the iKvan 
«8 sulphates, in which fonn they aiv particularly soluble, or as carbonates, chlorides, or in 
t»ther combinations, the decaying organic matter [m\s<>nt in the sea lx)ttom of certain areas 
would seem likely to tninsfonn them to sulphides. It is known that some forms of marine 
life contain zinc and lead in their tissues, but in the main it is probable that these metals 
are precipitated directly by the ordinary clu»mical reactions involved in reduction and 
sulphurization. Tliis would it»quire that at any given i)oint the sea wat^r sliould be .satu- 
rated, for those parti<-ular conditions, with the metal to Ik* thrown down, and that it should 
remain .saturated until the particle precipitated was sealed up in the rock. 

While there aiv some rea.sons for l)elieving that tlie composition of st»a wat-er differs 
notably in varit>us [)ortions of the ocean, even when then* are no land barriers, we have no 
('vidence that .st»a water over a wide arc^a has ever U'come actually saturated, as that term 
is commonly understoiui, with the metals concerned. Such concentration has been calcu- 
lated by Fuchs and l)e I^iuna}' to retjuire the evaporation of 49,(XX) kilometers of sea water 
per .square meter of surface in order to produce a layer of zinc sulphide 1 centimeter 
thick. 

It is a common statement that the .sea is not even saturated with either calcium or mag- 
nesium, l)oth of which are much more abundantly present in it than the metals under dis- 
<'u.ssion, and Inith of which are comtnonly deposited fn>m it by some pnx'ess or combination 
of i)roce.sses. Acconling to the laws of phy.sical chemistry the sea, until saturated, should 
lx» capable of taking the various elements into solution when in contact vriih them, rather 
than throwing them out. It is, however, a fact of ol>servation that broken masses of coral, 
originally secreted from .s<'a water, ate cemented together by calcium and magnesium car- 
l>onale. This would s(»em to show that the conditions of .saturation of sea water are not 
well understood, and (hat mu<h less material need lx» present to ix*rmit precipitation than 
ordinarily is thought. Certainly : ny j)r<M-ess which tends locally to increase the amount of 
material or to decrcax' tlie amount of water present would 1k^ favorable to precipitation. 
Sucli localjy acting agencies might, in conjunction with other pnH'e.sses, lead to the deposi- 
tion of material which would have ivmained in solution had either boon operating alone. 

CONC'KNrUATIO.N IN OKKJINAI. SKI>IMK\TS. 

^Vhethe^ the material was widely and evenly difTusinl or somewhat locally and unevenly 
gathered in certain areas of rock seems incapable <>f dir<«ct determinatitm by means of the 
data available. S<Miimentary processes, taken as a whi)le, .set^m well adapted to bring about 
the segregation of similar material. The .^^ilica, calcium, and magnesium widely distributed 
through rocks an* brought together and form .sandstone, limo.»Jtone, and dolomite, Sedi- 
mentaty rocks in general are much simpler in comjKJsition than igneous n)cks: that is. the 
bulk of a sedimentary rock is usually made up rif fewer constituents than the bulk of an igne- 
ous rock. If, therefore, the sedimentaries Ix* derived fnmi the igneous the process must be 
one of so/ting and si'gregation. There is independent evidence of this in the c«se even of 
otie of the heavy metals. The Clintcm iron ores of the easteni I'nited Statt»s seem to have 
resulted directly from .sedimentary' proce.s.ses. The iron widely .scattered through the rocks 
tributary to the Clinton seas was, through cro.sion and depasition, concentrated even to the 
extent of forming workable ore l)odies. The black-band ores of the Carboniferous alTord 
another illustration, and even the lean,chcrty iron carlwnates from which the Lake Supe- 
rior iron ores were concentrated themselves represent concentrations brought about in the 
procesH of sedimentation. 
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It would seem, therefore, tliat in tlioso rases wlie*^ direct proof is avnilable sedimentation 
tends toward the oonrontration of particular minerals in locally favorable areas. 

In the pre^sent case it is entirely 'possible that then* may have Iwen such an origuial 
unequal distribution of metallic minerals, notwithstanding the fact that this has not been 
made evident by the analyses so far made. No ven* certain plan of samplinj^ and analysis 
has yet been formulated for testin<]j this mat lor. If the locus of the pn*sent ore l>odies be 
that of rock originally richer in the metals, the concentration which pnKluced the ore l>odie8 
should have imj>overishe<l the country riK*k. Since, further, it is hij^hly improbable that 
considerable amounts of the metals should have been precipitated in ftivorable an-tis with- 
out at least some having Ix'en precipitated in less favorable one.s, it would st>em that at pres- 
ent the originally rich but now lean ore near the dejwsits might either erjual, surpass, or fail 
to equal in metallic content the originally leaner ore between. It i^ furthermore so diflTicult 
to eliminate entirely the ixjssibility of any secondaiy concentration that the exact condition 
of the rock sampled is not always certain. The lx\st which may Ih> hop«*d for is to determine 
whether any areas offered conditions that might Ix* thought particularly to favor such 
precipitation. 

Attention. has already Ix'en called to the fact that the Cialena formation, in which most of 
the ores oc^'ur, is a dolomite, and the conditions under which it was formed have been dis- 
cussed. It is l>elicved that these conditions shallow sea water, warm and probably some- 
what concentrated by eva|)oration — we.e favorable to the precipitation of the zinc and lead, 
as they undoubtedly were to the precipitation of magnesia. 

These general conditions were, however, operative, so far as can be determined, in south- 
eastern as well as southwestern Wisconsiri, and, in fact, at various times and in many places 
in the Mississippi Valley. The conditions nuist therefore l)e thought of as widely actmg 
and as contributory to the final result rather than as determinative, and it remains to 
inquire whether field evitience affords any clu<' to a local agency which might have affected 
the original distribution of the metals. The inherent probability of such agencies has been 
already suggested. 

LOCALIZATIOX OF THE OKE DEPOSITS. 

ORIGINAL INEaUALITIES OF DEPOSITION. 

The present ore l)odie,s are l)elieved to have l)een formed mainly by the reduction of sul- 
phates to sulphides as a result of the mingling of solutions and reactions between ore-l)earing 
solutions and organic matter in the* country rocks. To a subordinate degree the .sulphuriza- 
tion of carbonates has probably taken place. It seems altogether likely that the original pre- 
cipitation of the materials from the .sea water occurr(»d thnnigh the same reactions. If this 
l)e true, any original localization of material may have In^en due to- - 

(a) Local abundance of the metals in .solution. 

(b) Ix)cal abundance of the organic redu<-ing matter. 

(c) Locally peculiar organic matter, leading to particular cfTiciency in prochicing depo- 
sition. 

Local abumJanct of the imtah in mlution. Since lead and zinc are doubtless unequally dis- 
tributed in the crystalline rocks to the north, it is entirely possii)le that drainage reaching 
the Ordovician .seas might have brought more of the metals in solution t^) ceilain portions 
of the coast than to others. Tlie composition of river water varies gi-eatly,« and it is 
entirely po.ssible that one or two streams tributar}- to the sea in the present mining Region 
brought down unusual amounts of lead and zinc. This hyi)othesis is wholly unverifiable 
from present data. The only direct evidence favoring it is the fact that the structural 
basins in which the ores now occur are .suggestive in shafH* of embay ments at the mouths 
of strcauLs or drowned river valleys. The presence within them and not generally elsewhere 
of considerable amounts of mechanical sediment deposited during a general period of base 
Isveling is, furthermore, suggestive of nearness to rivers. Tl\e«<> TVN«t^,\afc<i«»sfc <^ ^Csx^xs. 
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long, linear courses, would show, in the bringing in of mechanical sedinient. the effect of 
uplift at any point in a x^nde area. 

It may therpfon* be noted that such slight evidence as is available conlinns rather than 
opposes tlie notion that there were originally rich and lean patches of rock. 

Local abundance of organic nuiUer. — It is to the local occurrence of organic deposits that 
Whitney and ChainlxTlin have appealed for an explanation of the localization of the ores. 
WTiitney evidently had in mind the oi^nic matter due to the decay of animals such as fomi 
the ordinary fossils found in the rocks, though the agency of long branching sea weeds was 
also called into re(|uisition.« The notion that abundant animal life first appeared about 
the time those deposits wen» formed, causing the precipitation of metaLs from a ** primeval 
ocean," was long ago proved to be incorrect. It is furthermore a fact that the ore deposits 
within the district do not show that close n'lation to the more fossiliferous rock which the 
theory' would seem to demand. It is also tme that, so far as these forms of life are con- 
cerned, the Galena and other formations of this region seem equally fossiliferous entirpjy 
outside the ore-bearing area. 

Chamberlin app<'aled to local abundance of fossils of the ordinary type, of seaweeds, and 
of fucoids.b He mapped the sea currents of the Ordovician in such a wa^' as to show the 
possibility of the formation of a .sai^asso sea in the rc*gion, but did not deem the latter essen- 
tial, c His most important suggestion was that the irregularities of the sea bottom would 
lead to the accumulation of organic matter in the basins. These deprt»ssions were jifdged 
to b(- 

more favorable to the life and growth of averuKe marine si>ecios than the more exposed elevation.s of the 
sea bottom. Rut, however that may be, it is altogether certain that the movable remains of dead 
organisms would l>e mainly aeeumulateil in the depressions, and that all floating material would find 
lodgment there. So that tlie depres.sions of the original ooi'an bottom were the areas in which were eon- 
centra tod the organic matter to whose agency the removal of metalliferous solutions from the ocean is to 
be attributed.** 

The importance of this oKservation arises from the fact that these original basins became 
later the locus of deformation and are the prei*ent ''synclines" within which the ores are 
found. That this is a true cause* can hardly be doubted, but it by no means follows that 
there were not other causes, contributory if not actually coordinate in importance. 

Local almiidance of peculiar organic matter of particular efpciency in producing deposition.— 
''Organic matter'' is a loose general tertii covering a very large variety of compounds. 
Thes(* have markedly difTcrent cfTiciencies in the n»duction of sulphates to sulphides and in 
other reactions. fJenney has devoted particular study to this matter and has calculated 
what ho calls the rclativ(» reducing power or duty of equal weights of a considerable number 
of organic iind inorganic compounds. In his table hydrogen oxidized to water is taken as a 
standard and to this is given a value of 100. 

A few of the more important values are given Inflow: 

Rflat'nr ndacnuj jtonrr of i^arious demtn*s and compounds. 

Hydrogen, oxidized to II2O 100.00 

Marsh giia (ClI 1 ) , oxidized to HxCOs-j- II jO 50. (10 

Petroleum (Cnll-n^j) 43.36 

Carbon, oxidized to C'Oj 33.:?-'^ 

The •'humus acids " K'niHnOp) 18.{M 

Carbon, oxidized to CO 16.67 

Sulphureted hydrogen (IIs.S). oxidized to H;SO^ 23. .i3 

Pyrltc and marcasite (FeS^j), oxidized to FejOanilsO and S to SOj 12.50 

IJlendo (ZnS), oxidized to ZSO^ g.j.', 

Carbon monoxide (CO ) , oxidized to CO j 7. 14 

Galena (PbS), oxidized to P1)S04 3.a') 

a Geology of Illinois, vol. 1. 1860. p. im». 

* (Jeology of Wisconsin, vol. 4. 18S2, p. .'i.V). 

cOp. cit., p. ."iSS. 
^Op. eit.,p. 537. 
eJenney, W. P., The chemistry ol or© deposVUow. Traivs. \rcv,\iv?.V.^\tv,^\i%.,x^V«i,\902, pp. 445-498. 
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It IS evident from this table that it is very matorial in what form the organic matter is 
present. The rate of decomposition is also important. If very slow, the amount of mate- 
rial available at any one time may be so small as to produce no appreciable effect. If very 
fast, the whole of the material may be given off as a gas or light oil, precipitating only the 
small amount of metal present at one time in the .sea. If neither too fast nor too slow, the 
escaping gases and oils may rise through the sea and even through a cpnsiderable thickness 
of sediment, continuing indefinitely to precipitiite such suitable metallic solutions as come 
within their sphere of contact. 

In the scattered irregular bodies of oil rock we have an agency eminently suited to this 
r6le. Chamberlin mentioned the carbonaceous shale "in the lower part of the Galena and 
upper part of the Trenton "«« as one of the precipitating agents. It remained, however, for 
Blake to recognize the preeminent importance of this materfal. So impressed was he with 
its petroliferous character that he suggested the possibility of submarine exhalations of 
petroleum to account for its richness, or of submarine fresh-water outflows to kill suddenly 
large numbers of animals, and so give rise to the excess of organic matter. Neither of these 
ingenious hypothe.s<'s proves to be necessarj', since David White's microscopic investiga- 
tions show th(? oil rock to he made of minute, probably unicellular algae. These are not only 
organic, but had, seemingly, the power to collect hydrocarbons from the water and store 
them in their cells. Upon decomposition these hydrocarbons would be given off both as a 
gas and as oil. This mati>rial even now is capable of giving off 57 volumes of gas, as shown 
by ^fr. Rollin Chamberlin's test, and the analysis of the gas indicates that it consists largely 
of hydrogen, marsh gas ((114), and light hydrocarl)ons of the sort which have a high 
reducing power. 

It already has been shown that the oil rock, so far as it occurs in any thickness at all, has 
a ver>' patchy distribution. It is practically confined to the structural basins in which the 
ore deposits occur, and is at l-ast g( nerally absent from the barren areas between. Whether 
it occurs in the surrounding n^gion is not certain. It is presiMit at Freeport, 111., but bi'vond 
that nothing is known of its distribution. For present purposes it is sufTirient to note that 
within the zinc and lt*ad region it has an irregular distril)Ution, coinciding with the irregular 
di.stribution of the ores, and that it is material eminently suitabl;* to reduc » and precipitate 
sulphides of the mc'tals as wrll as furnish .sulphur to unite with their carl>onates. 

At the writer's request, Mr. F. F. Grout has kindly tested the reducing power of oil rock 
from the Dugdah* pro.spect with the following results: 

To one-fourth griim of air-dried oil rock and UK) cubic centimeters of water was adcled .()().> gram of 
iron as ferric sulphate. This was ai'idulated with 5 grams IljSO^. and a similar portion was rendered 
alkaline with .1 gram KOII. After standing a week the amount of iron present as a ferrous salt was 
determined with KMnO^. It was found that in the acid solution the amount was .()(»:r» gram and in the 
alkaline .0012 gram. 

If even now this niHt<*rial has such a prompt reducing action it may well be supposed tliat 
when first formed this action was much more important. 

That the oil rock has suffered loss of a large amount of its volatile matter is indicated by 
phenomena already discussed. The small interbanded layers of limestone have b(»en broken 
and brecciated and in places the oil rock becomes almost a breccia in appearance, with slick- 
ensided surfaces indicating movement of the particles against one another. Individual 
pieces of oil rock are In^nt and recurved, and the softer material has been squeezed in and 
around the harder fragment.s. The whole mass is ordinarily finely laminated, like a shale or 
slate, and has every indication of having yielded to the vertical pressure of the overlying beds. 
In microscopic s<»ctions normal to the Iwdding the alga* appear in cross section as flat, closely 
compres.sed disks, wherejis they were no doubt originally spherical in form. 

The amount of decrease in bulk which thc^ rock has suffered can not Ih' determined abso- 
lutely. If it be assumed that the loss has been as great as that which has occurred in the 
formation of ordinary bituminous coal, a settling of 2 to 14 feet of the overlying beds might 
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Imve <x"Ciirrod. Tliis is more than enough to account for the flats which are found vertically 
over the oil-nn'k patches, and such settling would very likely produce the peculiar pitching 
crevices tluit encircle these flats and lead down to the oil rock. The sag between these 
pitclies is, on this theory, in part the expression of preexisting inequaUties in the bottom and 
in part the une<iual settling due to diffenwice in thickness of the oil-rock layer. It is to be 
remenil)ered that the material ordinarily occurs in several beds rather than in one and Ls 
commonly thicker near the center of the sag than at its edges. 

In these irregular patches of oil nx^k we have, then, (Da locally abundant supply of suit- 
able reducing matter distributed concordantly with theort* deposits; (2) a material pecul- 
iarly suitable to the Reduction of sulphates and the sulphurization of carbonate* ; (3) a sup- 
ply which was not only abundi^^t when the U'ds were laid down but which is even yet highly 
efficient : (4) a material which is l)Oth cjualitatively and quantitatively adequate to account 
for t he most puzzling stnictural feat ures of the dejKwits. These facts would ae^m to warrant 
the conclusion that the original distribution of the metals in the Platteville and Galena was 
irregular and that the pre^sent on* de|^)sits are found within are&s which were originally 
richer. 

SECONDARE INEaUALITIES DTTE TO PROCESSES OF CONCEKTRATIOH. 

However great may have been the original inecjualities in the distribution of the metals in 
the nwk secondary processes have U'cn of first importance in producing the present ore 
bodies. The amount of metal originally present in the most favored localities is quite uncer- 
tain. It may have been large, but most probably was small. Certainly there has b(»en very 
marked concentration, and even reconcentration. within recent times. Before considering 
the question of just how much concentration has (wcurred it will be well to review the proc- 
ess in general and the chemical reactions involved. 

CIIE-MICAL PROCESSES INVOLVED. 

Th( sulphate njcle. — The sulphides of zinc, lead, and iron readily alter to sulphates, in 
which form they are soluble in ordinary ground water. Sulphates of zinc and iron are com- 
mon in the region and sulphate t)f lead is reported. In this form, then, the disseminated 
matt(»r, if it be in sulphide form, may be transported from the area;^ in which oxidation 
occurs to those in which reduction is dominant. Precipitation of the sulphides from sul- 
phate solutions may be brought about at ordinary temperatures by various organic com- 
pounds, by other sulphides, by hydrogen sulphide, or by calcium carbonate. 

It has alrc^ady been shown that the oil rock is now capable of giving off marsh gas, acety- 
lene, hydrogen sulphide, and various other carbon compounds. It has further been shown 
that the suli)hur in the rock is, at least in part, indigenous and not due to intermixed par- 
ticles of pyrite. 

These various substances would react up<in the sulphates, among other ways, as follows, 
only the reactions for lead Ix'ing written: 

(1) PbSO, ; H./^-Pl>S I RjSO,. 

In the pn»senee of limestone the sulphuric acid would promptly react with the wall rock 
to produce gypsum according to the reaction 

H2SO4 i CaCX)., •' 2H20=CaSO^ , Z\\f> I-CO2. 
(2) CIl4+PbS0,=PbS I Hp-rll^CXDa, 
or 
CH,-^ PbS04=PbS ' 2II2O CO2. 

A large number of other reactions are possible Iwtween the sulphates and the material 
from the oil rock, but in each case the end products include the sulphides and carbon dioxide. 
The former are the main constituents of the ore bodies. The latter is the most important 
element in increasing the solvent power ol utvAet^ouwd N9^\«t \Ay««x^>^[v^^^)^t<ick« 
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The reactions of tlie sulphides on eacli other may he written as follows: 

(1) PlxSC), ZnS=P»)S i ZnSO^. 
(2) ZnSO^ - FeSj • O.^ = ZnS FeSO^ ! SOg. 

According to these reactions lead sulphate will }m» reduced hv zinc sulphide and zinc sul- 
phate by iron sulphide. Since the latter is left in the form of a sulphate with SOj as a 
by-product, it Is evident that further reactions Ix'tween these materials and the organic 
matter and wall rock w\\\ occur. In the end there is a formation of sulphides and of CX)2, as 
in the other series of reactions, so that the transfer of the oxygen from one sulphat<' to the 
other may be regarded as a minor phase of the main cycle. If the relative reducing power 
of the various materials concerned Ix* kept in mind, it will be evident that the carbon com- 
pounds will promptl}' rob the sulphate of its oxygen. For this reason it is not l)<4ieved that 
sulphates are transported far through rocks charged with organic compounds. Where they 
travi'l long distances, they must pass through rocks from which the available carl)on has 
already been extracted or through beds, such as sandstone, that are practically free from it. 

As an examplo of the pei-fection of this protective action the specimen illustrated in lig. 13 
and described on page 58 may l)e cited. In this the galena has been precipitated and is 
replacing the dolomite. The latter is very light.colort»d and was carefully tested by Mr. 
Grout, who found that the combined water and carbonaceous matter in it together amounted 
to only0.14percent. If it ho assumed that this is the most active carbon compound, it is, 
nevertheless, evident that a very small amount is a!npl:» to produce pn'cipitation of the 
galena. 

So far, therefore, as the metals were transix)rted as sulphates, they can not lx» assumed 
to have traveled far through the ordinary country rock of the district. 

The (fulphide cijrle. --\\h\h sulphides are probably largely altered to sulphates prior to 
transportation, this alteration is not indisp<'nsable. Sulphides, as such, ma}', under prop<'r 
conditions, be dissolvod, transported, and precipitated. Van Ilise^ has summarized exi.st- 
ing information regarding this process. It aj)pears from th(» work of C Docker that measur- 
able quantities of pyrite. gah-na. sphalerite, and other sulphides are solui)Ie in pure water. 
The conditions under which in nature they go into solution and are precipitated out of solu- 
tion are not understood and demand furtluT study. 

Becker has especially studied the solubility of the various sulphides in the pn'.senee of alka- 
line sulphides and cariM)nates.6 He finds that the sulphides of iron. zinc, antimony, copper, 
and some other metals are readily soluble in both alkaline sulphides and in luitural waters 
containing alkaline carlK)nates atul liydnjgen sulphide. They uuiy be transported in .such 
solutions atidj)recipilated by mere di hit ion, by d(HTeasingheat or pressure, or by any reaction 
that would destroy the solvent. The alkalies are wi<lely distrii)Uted in small (|uantity in the 
rocks of the zinc and lead reiiion. A |)ossibl.-^ sou re for th(» hydrogen .sulphidi* has aln^ady 
been indicated and arnph* means of precipitation would be present vvh(»rever alkaline waters 
of long course underground met in cnnices the short-course, oxidizing, atid generally acid 
waters. So far the cycle s<»enis well suited to explain the concentration that has taken 
place. There is, however, one difliculty. IWker found that galena wits, so far as his t<».sts 
went, entirely insoluble in solutions of .s<.)dic sulphide or of sodic sulphydrate, or in solutions 
of sodic carlK)nal<' partially saturated with hydrogen sulphide. 

Since galena forms an essential and widespread constituent of thes(» ores, it is diflicult 
to conceive a process which would concentrate only the blende and pyrite and leave the 
galena untouched. So far, then, as concentration through tlie sulphide cycie is concerned. 
there is ordy the solubility of nuiterial in water to depend on, and no meatis have yet been 
devised for det<Tmining how important or unimportant this has lx>en in this region. 

The corhonntf cvc/f . — I.K>ad, zinc, and iron readily form carbonat<'s which are soluble in 
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undcrj^ound waters. Probably tho process consists of first oxidizing the sulphides to sul- 
phates and then reacting with the wall rock as below: 

PbS04+(^aCOi,+21InO=rbCX)3-f-CaSO,2H20. 
ZnSO,+Ca003+2H20=ZnCX)3-hCaSO,2Il20. 

The frequent presence of lead carbonate and the abundance of zinc carbonate* in the upper 
portion of the ore bodies show that these reactions hav^e commonly taken place. The occa- 
sional presence of crystals of gypsum or selenite is an interesting cx)nfirmation. The car- 
l>onates an^ so soluble that in the main they are carried dowTi to contact iiith sulphides or 
hydrogen sulphide where reactions similar to the following occur: 

Pba)3+ZnS=PljS-fZn003. 

ZnTOg + FeS,4-02=ZnS-f FeOOa-hSO^. 

Zn(X)3+JI,S=ZnS-MljO fCX)^. 

Sulphides formed in this way, if sufficient oxygen be present, will be changed to sulphates 
with eventual reduction and the usual formation of the end products— sulphides and carlwn 
dioxides. The carlwnate cycle is therefore closely related to the sulphate cycle. It results 
in thf same end products, and the ore.s go into and are thrown out of solution under much 
the same conditions. 

Minor cyclfft. Chamberlin has called att4>ntiono to the possible effect of various other 
ii'agents, including particularly liumic and other organic acids. These have been but little 
investigated in this connection: but here is an open, interesting, and possibly fruitful field. 
So far as pre.s<»nt obsenations go, however, the organic matter present in the rocks seems to 
have operated altogether as a n^ducing agent. Above the level of the ground water decay- 
ing vegetable matter may have aided in bringing the metals into the condition of carbonates 
by the fonnation of the hunuis acids, but even this is uncertain. At the oil-rock horizon 
it would require the presence of oxygen to form the organic acids which might take the 
material into solution. This in itself limits the zone within which tho action probably 
took place. Fuitheniiore, metallic salts of these organic acids would probably be almost 
immediately decomposed by the limestone and in the end there would be the familiar 
precipitation of metallic sulphides and carlwn dioxide. 

A study, then, of the jyossible methods of solution and transportation of the material 
leads to tho conclusicm that the major ccmcentration, at least, has been effected by waters 
having a l(K*al circulation only. An effective wide-reaching circulation is not impossible, so 
far as the chemical reactions involved an> concerned, but, on the whole, would seem improb- 
al)Ie. This wouhl confirm the conclusion drawn front the study of conditions of sedimen- 
tation— that in the main tlu' onvs witc derived from limited areas within which the rock 
was originally richer in metals than els<»where. 

GENERAL PROCESSES OF CONCENTRATION. 

There are two elements in the underground circulation which must be taken into account 
in explaining the concentration of the ores. The first is the water which makes its way to the 
en'vices by long and devious courses. The second is that which flows into them after a 
>h«>rt coui-^' through nuk mainly above gnnmd-water l'»vel. The former is believed to 
Mflonl the reducing dement to the reaction. The latter is oxidizing or carries oxidized 
salts. The two niingl ' in the crevices and produce the ore bodies by precipitation. 

In many of the mines it may be observed that whil(« the sulphides in the pitches and 
crevices are fresh and untarnished the wuil nwk back of them has been considerably oxi- 
dized. In fact, it is conunon to find the first effects of oxidation along the thin band of mar- 
casiti' which s<>parates the ore from the wall rock. 

Thes(> facts seem to indicate that the level of oxidation is slightly low^er in the countrf 
rock than in the cavities, and that t\u> \a\Vev aT^^ VvWA ^\w\V<v v\^ to the water table with 
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wat<»rs that am roducing in character. Tlie souix^c of the reducing matter is undoubtedly 
the lower-lying oil rock and the unleached dolomite and limestone ImOow water level. 
Aceordingly, the waters within the crevices are, on the whole, sUghtly ascending and 
strongly reducing in character. The cause of their ascending course will he understood 
when it is remembered that the deposits occur in synclincs or basins. These* art* 1 to 3 
miles wide and as much as 9 miles long. Their depth is sufficient to give considerable arte- 
sian head where, as in the Ida-Blende, Gruno, and other mines, the glass rock and clay bed 
form an impervious stratum. One element in the underground circulation is therefore 
water which falls at various points on the sides of the basin, descends through the pores and 
minor crevices U) the oil rock horizon or other impervious bed, flows laterally to a crevice, 
and ascends to the level of outflow. This water is, in the crevices, reducing in character 
because of its long contact with organic matter — that in the oil rock especially. If it con- 
tributes any ore to the deposits the material must l)e transported in the form of sulphides 
or salts of o~ganic acids. 

The second element is that portion of the water which, after passing through the rock 
al)ove the water table, travels laterally along it and into the crevices from above or from 
the side in the upper portion of the openings. It is this current which is Ix'lieved to have 
brought in the main burden of ort\ 

If an area of unaltered dolomite, containing sulphides of zinc, iron, and lead, and an 
excess of organic matter, be exposed to the action of descending waters by depn*ssion of the 
water level, oxidation begins at the upper surface and progresses downward. It do<'s not, 
liowever, operate equally on all the constituents of the rock, but first attacks and removes 
the organic matter. Until this be done the \arious sulphides are effectually protected. 
After a period of time, then'fore, there will be, above, a zone in which the sulphides aro 
present without any organic matter. Next the iron sulphide g(M\s into solution, and .so 
there is fonned a shallower belt, from which it has been removed, leaving onh' the galena 
and blende. At still a lat<'r stage a lK*lt is developed free even from blende, though still 
showing galena. At this time then* would then Ix* fron. the surface downward — 

(a) A Ix^lt containing galena only. 

(b) A Ixlt containing gal(*na and blende. 

(c) A belt containing galena, blende, and marcasite. 

(d) A l)elt containing tlu* sulphides and an excess of organic matter. 

Waters passing laterally out of b<*lt d into a crevice would carry mainly CDj, which would 
lead to the enlargement of the crevice. F'rom belt c would come waters carrv'ing iron sul- 
phate, which would deposit iron sulphide uixm the walls of the crevice as far as the water 
was able to make headway downward. From h would <"ome waters mainly carr^-ing zinc 
.sulphate, but with minor amounts of lead and iron sulphate. These would fonn sulphides 
in cru.sts on topof the marcasite. Finally, frotn a would come waters bearing lead sulphate 
and eventually U'lxd carbonate, which would deposit their load as galena coating the other 
material. 

According to this conf-rption the waters which leach the rock above the water table pour 
into the upper portion of the crevices and make such headway as they cati downward against 
the reducing waters. In areas where there is a rough topography and erosion has cut deep 
they may mak.' their way well down to the oil rock. In general, this forms an impervious 
Iw'd, limiting the circulation Ix-low. The actual mingling of the waters tak(^s place through 
a vertical range of 1(K) or more feet, if one may judge by the extent of the deposits Ix'low 
wat<*r level. Allowing for dilTerence in head in different crevices, there is no inherent difli- 
culty in supposing tin* mingling to extend through ev^eii a greater vertical range, but (m this 
point there is little positive data. 

Van Hi.se has argued for a somewhat different circulation. .Vccording to his <onception 
there was an earlier or first concentration of the ores produced by a wide-reaching artesian 
circulation, followed by a second concentration, substantially aso\JlU\.\\v''^k\^^^^^Nv^. 

Before the Lancaster peneplain wa.i deve\i>ped \\\e x\we VwX^Ww^. \vjvt;\v.>\\ >^^^ wss^xs?^^-^ 
theMaquokctashflo. To the northeast t\ie VkllewW i\\\AC^\Ao\\x\V^t\\\iv\:\vN\vA^v-^^"^^V^*^ 
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and rain water falling on them doubtless traveled downward along their dip, a<T-4imulating 
artesian pressure, as wat4»r now do(^s in the deejK^r lying Cambrian. If at any time pri(»r to 
the complete removal of the shal;' erosion cut through it at atime point in the southwest, 
opportunity would have Ikm'U afforded for the rise and escape of the water. At present 
Platte, (inmt, and Mississippi rivers cut down into the St. I'eter in an^as where the Maquo- 
kvMa renmins in patches on tlie peneplain. Jf it could 1k> assumed that these stn^ams had 
in th(* ])}isl been rcpiully in advance t)f general degradation of the surfaci.% it is dear that 
their chaiinrl^ would huve alforded conditions for the escape of art<'sian waters. At such 
places the .salts carried in solution would doubtless have In^en largely deposited, and as the 
points of outK t would have l)een few jis compared with the points of inlet in such a circula- 
tion, tile average result would have been a concentration of the material in a few favored 
localities. Tliis ingenious explanation Wi)uld sati.sfy the re(juirt*ments of the ctisc as regards 
the localization of the deposits in a way not olherwisi.* jxwsible on the ba.sis of dilTerenc<'s in 
the conditions of concentration. There are, however, dilliculties in the way of accepting 
this explanation. 

The difriculties arising from the form in which the material is presumed to have lxM»n 
mainly taken into solution and tran.s])orted have already been discussed. It has also hoou 
indicated that the field evidence shows the inunediate formation of the deposits to have 
been by descending waters, and while this is far from conclusive, it is thought that there 
should Ih» somr cases, at legist, of dej)osition under rather than over imp<»rvious beds if deep 
as<%"Tiding <Mirrent> furnislied the material. The few ^-xceptions known are all clearly cases 
where oxidizing waters are present in abundancr, and these could hardly have made a lung 
traverse tliroiigh the rock<. 

it is diflicult to make hure as to whrre the shale was first cut thixnigh in the st)uthwest. 
The winding couisi* of i\\r Fever and otlnM* rivers is int<'r|)reted as meaning that they an» 
sup( rimposed stream^. This .^ihoulcl mean that their j)rcsent courses an» inherited from an 
oltln- cycle of erosion. The Mississippi at and above Dulmcjue has a broad, very shallow 
basin, in the bottom of which js thi' pn\st'nt gorge. This is deep enough to cut away the 
shale wbe?e it would othenvisr be present, as is shown on the map of the Lancast^T quad- 
nnn'l;'. So far the general conditions would seem to have been favorable to such condi- 
tion as Van Jlise has .suggested. When, howt ver, they an» examined in detail the rt\sults 
an- 1 ss satisfactory. If the pn sent stieams b;' taken as a test each would have cut through 
the sli!iK« lir-st in the anticlinal anas. It is iii such i)laces that they n(»w cut deep<'st into 
the formations, and there is no known n^ison why the same should not have Ix^en tme when 
th<^ s'ki1<' was (iist <Mt through. It has already been indicated that the anticlinal areas are 
ex(( plionally barren. It would ac< ordingly be Ufcc^sarv to suppose that the material 
liist conceit rated in lluir vielnity by tlu^ art-sian circulation was later removed to the 
a(lj:;(';nt synclinal <jr l):i>!ti mca^ by l.-( d eirculation. On the whole this seems improbable 
and in vl;w of liu* ot!i;r diflicidiiis jdready mentioned, the writer would hold that the 
widr-n lulling artesian circulation probably had little, if any, effect in producing the ore 
bo(li( > of the urea. Thi^, it may bv' frankly eonhsscd, is a return to earlier views and a 
nv;is;d of an opinion held in llH)2f^ when, largely on the basis of analogy with the Jophn 
dei;'.,^its, \'an llise's <»pinion of those of the upper Mississippi Valley was adopt-ed. Though 
this interpretation of the Joj)lin deiK).sits has since been (piestioned,^ it Ls l)elievod that the 
dis< repjineies are entirely exj)lainable^ and that the hypothesis of an early concentration 
through the action of wide-reaching artesian circulation is good for that area. It is possible 
that further advance-; in knowledgf^ of the cliiMuistry of the prcx-ess may minimize the diffi- 
<'ul:i( s in the way of applying it to the mines of Wi.sconsin and that, in the end, the broader 
circulation may prove to have bad a greater influence than is now thought possible. The 
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recognition, however, w.thin the an*n of otlier and ade<iuatc causes of the peculiar localiza- 
tion of the deposit undoubl^nily removes the main objection to the alternative hypothesis of 
concentration by loc«l circulatioiL'^. 

ALTEKATION OF THE ORES. 

Tliat the ores originally consisted of sulphides is now pjenerally conceded. Tliat these 
sulphides were somewhat intimately intenningled is probably, but not necessarily, true. 
At present there are, however, four well-<leHned types of ores descrilH»d as (l) galena 
oros, (2) zinc carbonate ores, {li) zinc sulphide ores, (4) iron sulphide or sul])hur ores. Tlicse 
occur commonly in a corresponding verticul order, the galena ores lx»ing at the top. To a 
large extent this is l)elieved t^) be a result of alteration and reconcentration of the first 
formed ore bodies, in which it is tlu)ught that there was less separation of the sulphides. 

The galena ore is found above water level under conditions of great oxidation. The 
zinc cArbonate ore, including some galena nlM)ve and some blende b<*low, is found about at 
the level of underground wat^'r. The carlx>nate is clearly a product of alteiation from 
blende acx!ording to reactions already given. Blende is dominant at lower levels exc(>pt in 
certain places where marcasite is more abundant or whert» a crossing crevice disturbed the 
equilibrium by causing an unusual pr^ipitation of galena. 

The general nature of the pro<M»ss by which this orderly vertical arrangement of the ores 
has l)een brought about Iuls \yoon already indicated. It has been discussed in e^jx»cial 
detail by Van Hise.« There are reaiions for thinking that this vertical ord<T may, in places, 
have lx*en original; that the upper Chilena may have contained much more lead sulphide 
than the lower Galena and less blende. Certain of the mines -the Skene at Elizabeth, for 
example — showed, when examined, large deposits of galena without any direct evidence 
that blende had been formerly present. In oth(T places drilling under old and rich lead 
diggings has failed to show the l)i< ndo deposits which should theoretically occur. It is 
possible that the galena is in these j^hices in a secondary position and had lj4'en transported 
some distance Ix-fore de|)osition. The extreme practical iniportaiue of the matter warrants 
the consideration of any suggestion, however vague, of another origin. 

If the theory outlined on pagt s l.*^i-l.% be correct- that the zinc and l(»ad were originally 
deposited in the Ordovirian seas in Itwally rich areas because of the buried masses of remains 
of algap — it is necessary to i)elieve that these masses effeet^'d precipitation from the sea 
water even after burial un(l<T 2')r) feet of dolomite. This follows from the fact that even the 
uppermost beds of the galena yield ore bodies where condition.s are favorable for concen- 
tration. The solid Varbon in the buried material could not do this, but it do(s not .seem 
Ix'yond the powei^s of v<»latile hydrocarbons, either liijuid or gaseous, such as are ev(»n yet 
present. These would rise to the surface by the most direct route through such cracks and 
pores as were available. -\s the cover increased in thickness and cementation became 
more pt»rfect the anu)unt of such material n«aching the surfuc*^ would grow less and less. 
That it did not all es<'ape is made dear by the facts of tin* field, lender these* conditions it 
is entirely .supposable that in the closing stages of galena deposition only enough hydro- 
carlxHis reached the oeean bottom to precipitate th(» relatively insoluble sulphide of lead 
and not enough to alFect the more soluble sulphides of iron and zinc. It is th(»refon» by no 
means certain that the <-onunoji vertical order, galena above and blende below, is entirely 
the result of .secondary action. 

fJKOI/ k;k' disthibutiox. 

According to the hypothesis here outlined the ores wtTe deposited mainly in the upper 
Platteville and the Galena strata. S<) far as they are found Iwlow thesi' horizons they are 
believed to have Ikhmi mainly carried down during p(»riods of later erosion. The conditions 
at Dodgeville, di.scussed by Mr. Ellis, seem to favor the view that the ore in the gla.ss rock 
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was derived from the Galena above. North of Dodgeville and Higliland, where ores have 
been formed in the Prairie du Chien, it does not seem unlikely that tlieirhome was originally 
in the higher formations. Elsewhere, as at New Galena and Lansing, Iowa, the ore may 
have been indigenous to the Prairie du Chien. It has already been suggested that the 
amount of such ore is small. 

RESUME. 

Tlie ores of this region are believed to represent concentrations of material originally 
disseminated through the surrounding rocks, particularly the Galena and upper Platteville 
l)eds. It is lx*lieved that the zinc and lead originally present in the crj-stalline rocks of 
the Lake Superior district was delivered by rivers to an especially favorable portion of 
the Ordovician coast, where in warm, shallow waters it was partially concentrated by 
evaporation and was locally precipitated in quantity. The agents of precipitation were 
hydrocarbons or hydrogen .sulphide, or both, derived from decaying nias.ses of algw of a 
peculiar type irregularly accunmlated within certain shaUow basins on the sea floor. The 
rising hydrocarbons continued to Ik? effective throughout the period of dept)sition of the 
Galena dolomite. 

,Vs the alga* matter became comi^^ssed the lieds ahK)ve broke and settled, leaving open 
spatxui of peculiar fomi for the ultimate reception of the ore bodies. The beds were sliglitly 
deformed, whereby the basins were accent uat**d and deep joint cracks were developed. 
The area was subjected to peneplanation and later to gorge cutting, whereby the overlying 
shale was cut away and a vigorous underground circulation was brought about. This cir- 
culation re^sulted in a concentration of the disseminat<^d material, and with the fall of 
ground- water level the ores were successively reconcentrated until the present type was 
produced. 

ECONOMIC CONSIDERATIONS. 
(U'IDES FOR PROSPECTIXG. 

Old u^orlcirujs. — This region has l)een so thoroughly prospected and so Icmg under devel- 
opment that the imix)rtHnt mineral-bearing localities are rather definiteh' known. On 
Owen's original map nearly ull the .sections of ground upon which ore has since been found 
are indicated as mineral lands. Amost everv deposit so far located has given some surface 
indication, either by float mineral or othen**Lse. This is entirely in ac<*ord with the notion 
of tlic genesis of tlic deposits by concentration from the surrounding rol;ks thn)ugh shallow 
circidations and is an interesting confirmation of it. A few deposits recently found by 
di'illing showed no surface indications, but all such de|X)sits were near old lead diggings and 
are pr()l)al)ly related in some way to deposits earlier worked. 

The surface indications of a lead deposit were so well understood by the earlier miners of 
the region tliat they .seem to have left little for their successors to discover. For many 
years sucli lead ore as has U'cn found has })een di.scovered by following known deposits or 
orevices into deejx'r or latoraily adjacent gi-ound. It is entirely probable that a consider- 
able amount of loud ore niny yet Ix* discovered l)y the same methods. This work is best 
pursued In* the small trilmlcr. or leaser as he is locally called, who invests little but labor 
in his test pits and drifts along tlie random of the ojK'nings. The larger companies now 
c Miing into the licld are not likely to fmd .such deix)sits profitable, and they must base 
t'leir hope of gain mainly on tlu> large bodies of «>re below water level. 

The location of the known old diggin<:s U shown on 11. VII, and a more detailed map ^ill 
1h' found in the atlas of the older Wi.sconsin Geological Survey." These old diggings are 
now generally marked by dumps, pits, and other evidences of the disturbance of the sui- 
fa<'e. It is often pos.sil)le to obtain fairly accurate maps of the crevices which they fol- 
lowed. These crevices Ixear no cerlam reValion U\ llw? pitches and flats below, but a vertical, 
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90 situated as to be favorable U) the movement of underground water, and hence exten' 
sively acted upon by solution and depositions, is apt to be paralleled through part of its 
course by pitches equaUy well situated. The vertical crevice is an important factor in 
that it has afforded communication between the descending surface waters and the deeper 
waters of tlie oil-rock horizon. 

If several vertical crevices are present they may throw important light on the situation 
by their relations. Crossings of crevices are well kno^Ti to favor deposition of ores by 
allowing the mingling of somewhat different solutions. This is illustrated in the eastern 
part of the Rowley mine, where an intersecting quartering crevice is marked by a notable 
increase of galena. 

If mining is carried on along a vertical crevice and a pitch to the right or li^ft is enctiun- 
tered, it is to l)e expected that a corresponding pitch on the opposite side will Iwj found. 
There are a few apparent exceptions to this, notably the Doll and Empire mines, but it is 
on the whole probable that further development will .show north pitches even here. 

It is not to be expected that all pitches will bo equally mineralized or even that a single 
pitch will l>e mineralized along its whole extent. In any mine any portion of its ore n:aj 
c ):iie wholly from a single pitch. It should be remembered, too, that a pitch does not havo 
an indefinite development in a single direction. It is believed that instead the two pitches 
usually developed are only portions of a long ellipse, and that the ore body will be bounded 
by pitches longitudinally as well as laterally. The lateral pitches, being in the course of 
the main flow of underground water, will probably be much lx»tter developed and much 
richer. 

The major importance of the old workings lies in the fact of the common vertical orc'er 
of the deposits, lead ore alwve and zinc ore l)elow. According to this the lead diggirgs 
alxjvo water level are over, or approximately over, the zinc ore Ixxlies yet to be workid 
t)elow that level. It can not l)e doubted that as a general rule this is tme, and accordingly 
the old workings l)ecome ver\' valuable guidons to the deposits yet to be won. It is, how- 
ever, a rule with exceptions, and, furthermoriN the zinc is not always immediately below the 
old lead workings. In the secondary concentration of the ores some of the lead st^ems to 
have l)een moved con.siderable distances and deposited under wholly new conditions. In 
other cases probably it was the blende which wandered before deposition. In still other 
cases one or the other may never have Ix'cn deposited. Ijcad sulphate and .sulphide are 
s^) much more in.soluble in ground water than zinc sulphate and sulphide that it is quite 
piis.«jiblo that it would Im* precipitated in places and under conditions where the precipitating 
agency was too feeble to net on the zinc s>lutions. It is a fact of general expe.ience that 
galena is more widely distributed than blende, and this may be the explanation. Again, 
Buckley and Buehler'^ have shown that there are notable dilFcrences in the action of the>e 
sulwtances, according as they are in acid, neutral, or alkaline solutions. While, therefore, 
the field evidence indicates clearly that in the main the two .substances were transported 
and deposited under the same <'onditions. it is not neces.sar}' to believe that this has been 
true in even' ca.se. Kcjusons already have lH»en given for lK»lieving in an originally greater 
deposition of galena in the up|x^r Ixuls. and it should bt» reinemlx'red that while the old lead 
diggings usually point to lower-lying lH)dies of blende the certainty of it in a particular case 
can be determined only by drilling. 

Sijncllnal areas.- The fact that the ore Inxlies are located, mainly, in .synclines or ba-ins 
seems fully established. The reasons for this, arising from conditions during original depo- 
sition and .substMjuent concentration, have already Im'cii discusst^d. The Kx-ation of many 
ot these basins is shown on the accompanying plat<\s and on the large-scale maps of the 
Wisconsin Geological and Natural History Survey. \'ery little of the area has yet been 
surveyed in this detail, and in many places the data available do not allow the accurate 
drawing of contours. In all future work the depth to oil rock should be carefully noted 
and a rec4>nl prt»serve<l, so as to allow the extension and revisi<\u o( iVvvj \\\iv^^. '^v>\.'«^'^c«k 

aliiwklcy. K. li., HiKl liiwhWr, II. A.. Geology ol this r,Tai>b\ ayvvv. ^^\s^^uvv \^\vcv^^^^ •^^^ '^^^'^^'^'^'^ '^'^ 
Mines, 2d nor., vol, 4, Jf/06, pp. 8H-03. 
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old load workings aro known to \>o in basin an^as, but so much of the territory is unsurveycd 
that no arg^unu'ut can Ik* founded on that fact. So far as present experience goes there is 
no known except ion to the rule that all the important zinc mines are located within stnio- 
tur^ basins. 

Thick- oil rock.-\i has Ihhmi st'parately pointed out that thick oil rcxik has not been found 
away from the mines. Ueastms have l>een given for l)elieving that the reverse relation 
holds — namely, that ore deposits will not 1m» found except in areas of thick oil rock. Since 
tliis is ea>ily recognized in drill cuttings, it l>ecomes a valuable supplementary guide in 
prospecting. It is inijx)rtani to have more data on this point in order to test the matter 
thoroughly. It may Ik' frankly stated that at present the suggestion is based largely upon 
theory. 

TojHHjraphic dopt . — The relations of the ore bodies to topography already have been di.s- 
cuss<*d. It is not certain that the lower lying depovits will prove to be as closely related 
to topography as those in the crevices and o()enings. Since, however, they are the result 
of the action of underground water, they should show dependence upon topography so far 
as it controls the circulation. Other things IwMug ecpial-a well-developed structural basin, 
thick oil rock, and numerous old workings on crossing cn^ vices — topographic slope ought 
U) influence the deposition of the ore. The lower portion of the .slope, a portion neither 
under the valley lK)ttom nor \i^\ upon the |x^neplain, would seem to afford the maxinuim 
favorable position for the pro|MT mingling of the .solutions. It may be noted that many 
though not all of the good mines are .so situated. 

Undenjiouud-nntd- /< rel. The relations of the ore deposit to the imderground-water level 
determine its eliaraeter and, to some extent , its tyf)<\ A deposit of carbonate of zinc in an 
ojK'iiing jibuve water level und a deposit of blende, as hcmeycomb ore, l>elow water level, are 
Ix'lieved lo l)ave be(»n originally the same thing. 

Immediately Iwlow water lev(»l the maximum favorable conditions for deposition .seem 
to have obtained. It is iMi)M)v:sible to .*<ay, however, how far l)elow they were favorable. 
If the wati'r level at a given iM)int Iw determint^d by relations to overflow from that par- 
ticular l)a>irj. it would .s<'em that eonvection ciirivnts would be mainly upward and there 
would be little (jpport unity for the oxidizin;: solutions to travel downward. What headway 
dilFusion would make against ('onveeti*»n i^ somewhat })roblematical, but the amount seems, 
on I lie whole, likely to have In-en small. In such situations the ore will prol)ably be found 
to be rather sharply limited in depth. 

\Vlien'. however, the underground-water level menO\ repre.seuts local excess over the 
capa^'ity of tli(* eavines in the ro<-ks below to allow it to travel —where, in f^ct, it is stag- 
nant <;r moving -lowly downward — then* is a l>etter opportunity for oxidizing waters to 
p<'n<'traie by convection and for oxidized salts to U' carried down by difl^u.sion. Tndcr 
.such condition^ the bell of deposition might Ix* materially <leepened. No data are now 
available to deterriiine wliicli ca-e represents the facts in this held, though the basin stnic- 
tiire of tl'.e areas in which the deposits are f<Mmd would seem to indicate the first set of 
condition^. 

.MKTIIODS OF PUOSPECTING. 

Tff^t p'ftituf. — The early l<«ad digtrings were nearly all located by test pitting. There are 
areas v.hich have lucii <o completely worki'd over in this way that there is hardly a level 
patch ill the whole li<l(l. Sliafiing on the crevices with drifts along the openings were the 
favorite nieaiH of exploration «»f the up|M'r ground. Under present conditions, where the 
ore i«> sought below water level and at greater d(»pth, these methods are too slow and expen- 
sive and have Ummj geiKwally abandoned. 

(Inirn tiriUiittj. - At jjre.seiif churn drilling is th<^ favorite method of prospecting. As 

the depths are not great *i(K) fet't or less- a light rig only is needed. Gasoline engines 

am ffpncrnllv used for f>ower, and over 100 dr\Us wrv* \\<nv at work in the district. Drilling 

h done hv contract at a <*ost of 7 '3 eeuts \o ^\ w UhA u\\v\ \s T«.^\^,<^<i^^,%sA ^ect- 

Jve in locating the pitches and flats. TV dnWmvLs sW\\V\ V^ <:>jwT^\viJ\'^ ^JCkrXrA. «s^ 
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examined, as mistakes are easily made. The drill holes should l)e put at one side of the 
crevice rather than on it, to allow for the spread of the pitches in depth. 

Diamond drilUnfj. - -The presence of considerahle flint and of many oj^en cavities in the 
rock has made it difficult and expensive to use the diamond drill. The mechanical diflB- 
cultie^ have all been overcome, and some work has l)een done on contract in the repon. 
The rates have lx*en hicjh as compared, for example, with the low costs in southeastern 
Missouri, and opinion is divided as to whether the added certainty of results is sufficient 
to warrant the extra cost. Wheeler estimates that by using a .small bit — 2 to 2 J inches^ 
the cost might be brought down to 75 cents from $1.50 a foot,« but this is much less than 
the work has .so far cost 

METHODS OF MINING. 

Manner of ojmiing. — The mines are generally opened by vertical shafts. In the past 
adits or levels have l>ecn used to .some extent, though mainly for drainage purpo.scs. 
The ground now being worked lies, in the main, too low to \yo opened except by shafts. 
The latter are generally .sunk on one of the vertical crevices for economy in sinking, and 
this nece^ssitates cro.sscuts from the bottom to the pitches cm either side. Since the core 
between the pitches is rarely mineralized sufliciently to warrant milling us a whole, it is a 
question wliother inclined shafts meeting on one hoisting platform and following down each 
pitch wr)ulJ not be inore economical when the cx>nditions permit such shafts to be sunk. 
Here, a.< t\t Joplin, it is customar}' to deliver from more than one .shaft to a single mill, 
though many of the mines are able to furnisli from one enough ore to keep the mill running;. 
The underground work, as is usual in zinc mining, is carried on by a form of underhand 
stoping. 

Mining is done usually with air drills, and it is customary to break down 100 tons of mill 
dirt per shift with four drills. The rock, while not hard, does not drill quickly. The dolo- 
mite cmmble- down and powders or packs in the holes, .so that the amount of drilling per 
man per shift is not greater, and is often le.ss, than in regions where nmch harder rock is 
encountered. 

Tramming. — Very little timl)ering is necessary, though the openings are u.sually large. 
Tramming is done by hand. The or-e is hoisted in tubs or buckets, being shoveled below 
and dumped at the cnisher floor. 

Equipment. — The plants now Ix^ing built in the district generally employ steam for power, 
though gasoline is used at a number of points. The pumps are usually Coruish lift pumps 
of cross-head pattern, which are simple and effective dt»wn to depths of 200 feet. They 
are too light, as now built, for greater depths. The amount of water handled pnibaVjl? 
does not exceed 2,000 gallons per minute at any place and is usually 1,000 or less. It is 
found in practice that the water problem is much less serious than was expected. It is 
probable that as larger miners arc opened up, better and more economical pumping plants 
will be built. 

Steam or electric hoists are commonly employed, and many of the mines are lighted by 
electricity. The buildings are substantial and are fully inclosed so as to permit uninter- 
rupted work through the cold winters. There are well-equipped machine shops and found- 
ries throughout the region, and at Galena and Platteville there are companies which make 
a specialty of building and erecting mining and milling plants complete. 

Labor. — Most of the laborers are of Cornish or American descent and have come mainly 
from farms. There are no unions. In the mines the shift is eight hours long. Surface labor- 
ers work nine hours and mill men ten. The mines usually run two shifts and the mill one. 
Hand miners are paid from $1 .50 to S2 per shift ; machine men, $2.25 to $2.75 : helpers, SI .75 
to $2.25; trammers, $1.60 to $2.25, except where paid by the tub; jig men, $3; engineers, 
$2.50; firemen, $2.25; common laborers, $1.30 to $1.60. The conditions of life an* good, 
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with good food, wholesome surroundings, and good schools for the children. Recently 
there has been a shortage of both men and houses, owing to the rapid growth of the industry. 

Royalties. — Mining is usually done on the leasing syst<»m, very few of the mining com- 
panies owning their fees. Tlie first royality is 10 per cent, except in dry mines, where 12§ 
per cent is sometimes exacted. In the case of subleases 15 per cent or more is asked, 
depending on c^onditions. Royalties on lead and zinc are the same now. The lead is 
leased in lots of various sizes, generally from 5 to 40 acres. In the towns the leases on a 
number of building lots are usually collected by a single company. 

Costs. — Costs are generally estimated at SI to $1.2o per ton of mill dirt, with milling at 
25 to 35 cents per ton. In one cjise, when* approximately 4,500 tons of concentrates had 
been sold, tlie average total cost was found to have l)een very nearly $15 per ton of concen- 
trates. In another, where nearly 5,000 toas had been marketed, the cost had been about $17. 
Tlicse figures are very nearly aceurato, though it is impossible to make them exactly so on 
account of differences in ore reserves developed, depreciation in plant, etc. Tlie cost also 
varies notably with the amount of water to be pumped, the distance from the railway, and 
the necessity or not of roasting or magnetically tnniting the concentrates. In the second 
case above part of the ore was so treated. These cases represent rather typical conditions. 

METHODS OF MILLING. 

Grade of the ore. — There are marked diflerences in the gnide of the ore handled. The car- 
bonate ores are usually dressed to yield 20 to 40 per cent of zinc without milling. The crude 
mill dirt is rarely sampled accurately oncuigh to permit correct averages to be obtained. 
In one mine, where the blende was free enough to be salable without roasting and mag- 
netic concentration while the ore of the pitches only was lieing run, the mill yield of concon- 
tmtes amounted to about 22 per c^nt. The same mine, under another management, when 
the rock between the pitches was being handled, gave a yield of 12 J per cent. Another 
mine gave 17 per cent, and still another 20 per cent. All thast^ figures must be corrected 
to allow for los.se,s in re-treating the concentrates to separate the blende from the iron sul- 
phide. Wheeler estimates that the crude ore will yield 4 to 8 per cent of zinc in final con- 
centrates, and thinks that careful work would bring it up to 5 or 10 per cent. These figures 
seem to reprtvsent as fair a .statement as can bc» made from the data at hand. The larger 
figures commonly quoted either fail to take any account of mill losses or of the iron sul- 
phide which goes with the zinc in ordinary' milling. In small works, with hand dressing, 
much higher grades of orv only are handled. 

IlaiiJ i/vrk. — At the smaller miiips, particularly tho.se producing zinc carlxinate, the ore 
is hand dros,se(i, and the liner siz<>s are treated on hand jigs. F\)rmorly it w^as customarr, 
in order to reduce freight charges, to roast th(» carbonate in furnaces somewhat like limekilns 
This has b(H»n generally given up, though (x*casionally small lots are rojvsted. 

Stmjfi jF'ills. ■ Concentrating mills of the Joplin type an> now used throughout the region. 
(PI. XVI.) A few close-sizing mills were formerly operated, but they have all been recon- 
structed or abandoned. A 50-ton mill is u.sually built with a single bank of jigs; the 100- 
ton mills conunonly include 3 banks with 7 cells each. In several of the mills concentrat- 
ing tables are also u.s<'d to re-treat the tailings. 

The concentration work is rather w(»ll done. The softness of the roclc permits finer 
cru.shing at the sam<" cost than is practiced in Missouri, and by the u.se of long jigs the ore 
is well cleaned. As is u.sual in such mills, the actual saving is not definitely know^ and 
probably varies soim^what from time to time with the richness of the dirt. 

Mr. Benjamin Hodge conducted a test of the Enterpri.se mill while it was running on 17 
per cent dirt which indicated a .saving of 80 per cent. This was based on a three days' run 
with samples of the cmde ore taken at the cni.sher every ten minutes. It is hardly likely 
that the average saving in the district is as good. 
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Much of the ore after ordinary concentration requires re-treatment to free it from the 
iron sulphide or **mundic" present. This is generally ac<*ompli8hcd by roasting and mag- 
netic concentration. 

Roasting. — The roasting is ordinarily done in a rotary cylindrical furnace made of steel 
and lined with fire brick. It has a slight pitch, so that the ore travels through it in two to 
three liours. From 20 to 30 tons of ore are handled in twenty-four hours, with a fuel con- 
sumption of li to 2 toas. The ore is roasted to a point when a portion of the iron is con- 
verted to the oxide, but the kernels of the larger pieces still show sulphur. Mr. F. H. Trego, 
of Platteville, has \yeen experimenting with a lighter and simpler furnace, but it is not yet 
on the market. 

Magnetic separation. -The* roasti>d on» is tn>ated on a magnetic concentrator to clean the 
blende. The usual machine is the Cleveland-Knowles. In this type the roasted concen- 
trates an' fed on a horizontal traveling U'lt, which carries them under two vertical revolving 
magnets. The^» pick up the iron and carry it to one side, where it is removed by scrapers. 
The current used is weak- -3 to 4 amperes at 110 to 220 volts. There are considerable 
mechanical losses both in the roa.sting and conc^'ntrating. The average results of the week's 
run at one plant in regular work are given below: 

Htftults ofmaz/netic concentration. 
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Tlie inm product from the magnetic machine at this time ran 4.5 to 5.0 per cent zinc. In 
certaig cases ore ninning ()0 per cent zinc and 3 jx-r cent iron has been produced here. 

In general at this mine the cnide mill dirt yields about 12J tons of concentrates to 100 
tons of mill dirt, and jipproximat<'ly one-third to one-half the concentrates are thrown out 
in the iron j)roduct from the magnets. It is gi'nerally stated that the loss during roasting 
and magnetic treatment amounts to 10 to 25 per cent of the zinc, and the cost is approximately 
^ per ton of concentrates. These n'cleuning plants as now built cost $8,000 to 810,000 
and are usually .s<'parate from the main mill. 

In this pFfHVss of treatment there is not (mly the loss of zinc to contend with, but the 
mareasite is a total loss. Since wlien clean it is salable^ at $3 to $G a ton, many attempts 
have Ix'en made to treat the ore without roa.sting. At the p]mpress mine a Blake-Morscher 
electrostatic plant was in o{M»ration for some months in 1903 and produced some very high- 
grade concentrates. Mr. A. M. Plumb, who had chaise of the plant, has given an account 
of its optTation," from which the following statement of results is taken: 

Jilah-Morscher conventraiea. 
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Crude concentrates 20. 15 

Zinc product .W. 4 

I ron prrxluct 5. 07 

The material was zinc middlings from jigs and was mesh. 

Various other machines have l)een or are b(»ing tried, including the International and the 
Ijang. In a few cases after roasting, the material is cleaned by rejigging instead of treating 
with magnets. 
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This was tho nii'thod devised and used by W. P. Blake, who was the first to successfully 
handle tUvsv on»s." 

While the mills now in openition are successful in that they produc<^ a eoniniercial product 
from ores not otherwis*' nierehantahle, they are wasteful and expensive, and it is hoped that 
Ix^tter methods may Ik> devised. 

MARKETING THE ORES. 

Le/jui oir^. - Formerly all the lead ore was n*duced in ItKral furnaces of the Scotch hearth 
type. Sucli furnaces an' still in operation at I)odj^»ville, Galena, and Dubuque, but do not 
nin .steadily. Tlw bulk of the lead ore now goes to the smelt^rj of the St. I^ouis district, 
but some finds its way to Pittsburg and Chicago. The ort' is very clean, running 70 to 82 
per cent lead, and is in good demand. 

Z mc-aulxm^tf oren. —This oiv is marketed mainly at Mineral Point,Wis., when* it is used by 
the Mineral Point Zinc Company (affiliated with the New Jersi^y Zinc Company) to nianufac- 
tun» zin<' white. A little is occa.sionally .sold to the zinc smelt^'rs of the St. Louis district. 

Meruit- ons.— Tho Matthison-Ilegler Zinc Company, at La Salle, 111., and the Illinois Zinc 
Company, at Peni, an' the main buyers of tlie higher grade of zinc on»s. The lower grades 
are sold mainly to the Mineral Point Zinc Company, which is pn^pared to handle especially 
low-gnid<' ore in its plant. A .small spelter plant is maintained by the same company at 
Wauki'gan. III., and the New Jersey Zinc Company is just completing a very fine plant at 
Depn(\ 111. A new zinc smelter is also Ix^ng built at Danville, 111. Fonnerly the Indiana 
gas smelters drew on this field, but they have dropjM'd out of the market. Occasionally a 
little of the on' is shipped to the Kan.sas-Missouri smelt^'rs and to the Collin.sville and 
Sandoval. 111., plants. At Galena, 111., a concentrating plant is maintained for treating the 
ores of mines not e<|uii)iH'd with mills. A considerable business is done in retreating zinc 
concentrates high in iio:i and, by roasting and magnetic treatment, raising their grade. 
The Joplin .scah' of prices prevails in the district, with a SI penalty per unit of iron and a 60 
p<'r cent zinc basis. Ore is bought on as.s»iy and paid for in the car. High prices have pre- 
vailed the last few years, and the region has been undergoing rapid development. 
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Ktratigmphy in 108-110 

relations of mities and, ligun* 

showing 109 

Dolomite, analyses of 130 

occurrence and description of 51 ■ 

replacement of, figure showing 58 I 

residual clay from 34 | 

See alao Niagara dolomite; Galena dolo- ; 

mite. 

Dolomitiziition, discussion of 30 

Doll mine, description of 91-92 

stK'tion of. figure showing 91 

Donn, J. R., on sea water 131 

Driftless Area, description of 11-12 

Drilling, use of 144-145 

Dry bcme. See Smithsonite. 
Dubuque, Iowa, crevices near, map show- 
ing 59 

limestone ami dolomite near, analyses 

of 130 

mint's at 73,74 

opening at, view of W 

valiey mi at \^\b 
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Dubuque, Julien, mines of 2-4 

Dubuque County, Iowa, mines in 1 

,gection in W 

Dubuque district, description of 72-76 

extent of '. 73 

geology of 73 

history of 72-78 

map of 5H 

mines of 2-3. 74-75 

oresof 73-74 

Dubuque Lead Mining Co., development at. 7S 
Dugdale prospect, oil ri)ck from, analysis 

of 26 

Dunkel & Link mine. location of 77 

Durango, mines at 73,74 



Eagle Point, Iowa, Galena dolomite at, 

analysis of 27 

Galena dolomite at, section of 28 

rock from, analyses of 130 

East Dubuque, 111.. Galena dolomite at. 

view of S2 

openings at, view of 32,54 

Eberle mine, description of 117 

Economic considerations of mines 142-14B 

Elizabeth, 111., mincsat 10 

El izabeth district, mines of 10, 80-«l 

Elizal>eth Mining and Milling Co., devclof*- 

ment by 80 

Ellis, E. E., on Ellsworth mine 101-102 

on Lancaster district 117-118 

work of 10-11,44.64,72,75 

Ellsworth mine, description of 101-108 

map showing 102 

section of 101 

figure showing 103 

Empire mine, blende in, figure showing ... 96 

description of ^-97 

figures showing 95,96 

mill at, view of 146 

Empress mine, description of 85-86 

figure showing 85 

section of 85 

Encrinn rus vannuliu*, occurrence of 21 

Enterprise mine, description of wJ-95 

ore from, view of 65 

plan of, figure showing 91 

Erosion, history of 45-46 

Escarpment, description of 12-lS 

Etna mine, galena in. view of 58 

notes on 88 



Faults and faulting, nonoccurrence of 43 

Favosites niaigarensis, occurrence of 34 

Flats, definition of 63 

ores of 64-66 

relation of sag and 44 

section showing 6S 

FoKsils, occurrence of 19,21-24,28 

Fourteenth Street mine, character of 74 

Fox River Valley mine, description of 77 

¥T<iep*:>T\,,W^ ^^^«k.^ ot«*«X W 

¥t«tvcY\,Hmc\\.\v\¥.\>^' ^ 
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Galena, analysis of 130 

description of 48, 52 

estimates of 130 

.occurrence of 46, 48, 141 

relations of water table and 141 

view of •'>8,65 

Qalena. 111., crevices near, map showing.. 60 

smelting at 3 

view from 12 

Galena district, mines of 3, 10, 76-78 

mlui'A off JeasiiiK of 4 

Galena dolomite, am&I j »!•« of 26, 27 

deocriiilitin of 24-30, 47-18, 61 

dolomttizattonof 29 

formation of 133 

fossils of 29 

mines in 73 

oil in 25-27 

orcein 47-48,67,127 

views of 24.32 

reUtionsof 29 

sectionsof 25,i:8,67 

use of 27 

GangUQ. mlut'Fftlfi of 47 

mlneTAl^ of. descriptions of 51-52 

Qa.\ m^'iirrenee of 27 

Gft.-'h vchi«, de?<Tipilon of 53-54 

Geologic liMory aeciiuntof 45-46,139-140 

Geologic niupM, ^rf M(*i>h, geologic. 

Geologic structure, features of 35-45 

^-lUiirt'*' «*f UK'* of 45 

fftHikigy Ufj^cfiptidU of 16-46 

OJanvUle pnjspect, description of 81,106-107 

location irf 67 

[>]»ti jitid iiec'tiiiii of, figure showing — 107 

t;iiiantrtck, amily^ivof 21 

d»K.Tlption (if 20-21 

ore* in 47 

iSraft lown. ■ectJ<>n at. 31 

Qnihain and Sr*?vpQa mine, description of . 97-98 

f-LTtlnii nt, 97 

Grant, U. 8., bibliography by 6 

on basins and anticlineg 35 

on genesis of ores 127 

on Oldenburg mine 77-78 

on ore deposits 68, 69 

on residual clay 31 

on Kennedy mine 83 

on Wisconsin mines 88,91,98 

sections by 81,97,101,113 

work of 11,17,72 

Grant County, Wi.s., mines in 1 

Grant Ftt'duftian Workix, d**^ tlopmi.cit by.. 76 

Great Nori ht^ru in in e , d eacri pt Um of 97 

Or<»onhoa*«u niln€',ehit™ctt*rof 74 

OfJUy Six mlrif;, description of 91 

•ectton of 90 

Grout, F. F., on Galena dolomite 25 

on oil rock 135 

Gruno mine, diHUfrrlptititi of 99 

map^howlng 99 

or* from, Tiew of 65 

sections of 100. 101 

Guilford, W. H., on production of galena . . 59 
QnttenberfT, Iowa, mines near 73 



H. Page. 

Hall, James, on Galena limestone 24 

oil Mftk|tKiki'ti4 t<haT(' 81 

HilllLtiA nluolleti.occurrenL-if lit 21,28 

If aj pin ml De, Pock from . anal y i»lf of 180 

H II 1 y si tes 4>atenulat un, occur ren i^c of 34 

Iliirtly mlnt\ dcacrtptlon of 93 

Hartford Lead and Zinc Mining Co., devel- 
opment by Ill 

Hazel Green, Wis., mines at 10, 81 

Hazel Green-Benton district, descriptionof. . 81 

map of 80 

mines of 82-90 

Hazel Green mine, description of 86-88 

figures showing 87 

ore of 87 

view of 62 

workings near, map showing 86 

11 ft>t^ru*l I ft ot'eid ell IuUn, occurrence of 82 

if t?T»bey , o. tL ^ on phj-sJoginphy 14-15 

Ht'ifn itrypa Hlngnlarls, *rt*iirren(*t' of 32 

H iK'hland , \V\»f. mints nuar 10 

H iffhland dliirirt, bisin In 86 

description of 113-114 

map of 114 

mines in 10,114-116 

Ilitigia lnah|uallA, occurrence of 21 

HJHtury. iri'olocir. account of 45-46,139-140 

History of deposits, sketch of 2-6 

History of geologic investigation 119-127 

Hobbs, W. U ongiiJena 48 

Hodge, BcnjaHiEn, f i^t by 146 

Honest Bob mine, notes on 88 

HoDf^ycouib ruriH. definition of 61 

description of 61-62 

ores of 61-62 

view of 62 

origin of 61 

[!orfM.'j<btH' Vltiund, f'levalion of 12 

t[<Hi](ifi mine, descriptinn of 81-84 

piani of, liewof 146 

vicinity of, map of 82 

Fl ydrotlut'Jtc, oecurrenct^ and description of 60 

Ilyollthifs tminml, rxiurTeniL" of 21 

parviusculas, occurrence of 32, 38 

1. 

Ida mine, description of 84-85 

Illinois, mines in 1.8, 75-81 

topography in 15-16 

Indians, lead sold by 2 

Iowa, mines in 1, 72-75 

■u.j oi 4 

mining in 8 

Iowa County, Wis., mines in 1 

Iron sulphide, occurrence of 46, 49 

Isotelus gigas, occurrence of 23 

.1. 

Jack of Clubs mine, notes on 89 

Jackson, George E., furnace of 3 

James,.! y nn Muuiioki^tn shale 38 

Jenney W P or> (ftulU .^ 43 

on ^uncmisof ort» 126 

on hoTir^ycf^mbrmiis ^Sv. 

w^\*\«kXtfi,«» ^ 
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Jigs, use o 146 

Joaquim limeMtone. [>o*iition of 19 

Jo Daviess County, 111., mines in 1, 76 

Johnson, James, mining by 3,4 

Joints, occurrence and description of 43-44 

origin of 44-45, 60 

view showing 32 

Jones and Snow mine, description of 116-117 

Joplin deposits, theory of 140 

Julien, Iowa, rocks at. view of 32 



Kane Brotliers* mine, ore in, figure showing 57 

Karbers Ridge, III., description of 15-16 

Kennedy dry-bone mine, description of . . 114-115 

plan and section of, figures showing ... 115 
Kennedy mine (Howl (Jreen district), de- 
scription of 81-86 

section of 81 

vicinity of, map of 82 

Kennedy mine (Highland district), descrip- 
tion of 11:M14 

section of 113 

Keystone mine, notes on 88 

Klcment, C. on doloniitizati<»n 30 

Kroag and Webster mine, notes on 119 

Ktimmel, H. B., on peneplain 15 



L. 



Labor, wages of 145-146 

Lafayette County, Wis., mines in 1 

Lafayette formation, occurrence of 15 

Lake Superior region, rocks of. soun'eof 

lead ni»d zinc in 129 

Lancaster district, description of 117 

mines of 1 17-118 

lAucaster peneplain. .Sre* Peneplain. 

Lang worthy, J , 1^.. development by 3 

Lapurna charlottui, oceurretire of 29 

Lead, mines of, des4'riptions of. . . Passim 7:1-119 

production of 8-9, 72 

pn)spei"ting for 112-145 

source of 129-132 



of . 



2-6 

1 



62 
46 



148 



Lead mines, history 

location of 

Str aim Zinc an<l lead mines, 
Lead ores, dewription of 

occurrence of. nuxie of 

relation of, t<» water table . . . 

sale of 

liconard, A. (t., on genesis of ores 126 

on history of mines 4 

on Lansing mine and Mineral Treek 

diggings 122-123 

I>eperditia fabuliti's, cK'currence of 21, 23 

Lepttt-na microcostata. occurrence of 32 

Leptobulus occldentalls, occurren<'e of 31 

Levens Cave, descripti<m of 55-56 

figure showing 55 

Lcverett. Frank, on peneplain** 15 

Lcwiii, A. W'., on crushing 42 

work of \"V 

Lim&itoncH, analynes <»f V3» 



Hawr 
Limestones, residual clay from. . . , 34 

See aim Platteville limestone. Galena 
dolomite; Niagara dolomite. 
Limonite, o<'Currence and description of. . . 50-v>l 
Linden, Wis., minin^al 10 

rocks near 47 

description of 108 

map of 104 

Linden district, mines of 108-107 

Lingtila iowaensLs. ot'currence of 28, 83 

sp., occurrence of 29,81 

Liospira lenticularls. o<rcurrence of 28 

micula, occurrence of 31,32,38 

Literature, list of 6-8 

Little Corporal mine, description of 76-77 

Little Giant mine, description of 92-93 

section at 92 

Livingston, Wis., mining at 10 

Loess, description of 34-35 

Lower Magneslan formation, ot »rrelation of. 18 

ores in 119-1*4 

Lucky Hit mine, description of 98 

Ludd mine, location of 108 

M. 

Maclurea bigsbyi. occurrence of 21 

McGee, W J . on Oneota limestone 18 

McKinle^ mine, description of 112 

McNulty crevice, section of, figure .showing. 57 

Magnetic separation, u.so and results of 147 

MajM, descriptions and explanations of 71-72 

showing areas of special maps Pocket. 

showing distribution of crevices... . Pocket, 
showing t(»i)ography, geolog>', structure. 

and crevices 58, 

80. 92, 9«. 104. 114. IW 
See also particular tniiirg. 
Maps, geologic, of lead and zinc region.. Pt.vket 

of upper M isslsslppi region 1 

Maquoketa shale, correlation of 31 

fossils of S2 

occurrence and description of 31-32 

ores in 18.67 

relations of 88 

section of 31. 82 

view of 32 

Marcasite, loss of 147 

occurrence and description of 49 

value of 147 

Markets, lists of 148 

Mason mine, description of 103-105 

map of 104 

section of, figure showing 105 

Masontown, Pa., basin near, figures show- 
ing 41,42 

Meekers G rove. Wis. , basin near 36-37 

Meekers Grove di.stritrt, description of 90 

mines of 90-92 

relations of, to structure, figure 

showing 89 

Melanterite, occurrence and description of. 51 

Mermaid mine, notes on 88 

Metallic minerals, description of 48-19 

OTl^luof 128-m 

■^V*iVa\««>, \oe«A «k\\viw^vo\*i^ cA lSS-134 

furtwwc v>\ YO^^flS^ 
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Mifflin, Wis., mines at 10 

Mifflin district, barin in 87 

Imsin in, figurp? showing 37, 40 

description of 98 

map of 98 

mines in 98-108 

Milling, methods of 146-148 

plant for, view of 146 

Mine au Fevre, mention of 3 

Mineral Point. Wis., Platteville limestone 

at, Wew of 22 

rocks near 47 

section at 28 

Mineral Point district, basin in 36 

mines in 10,107-108 

Minerals, descriptiond of 48-52 

lists of 47 

Mines, condition of 9-10 

description of 72-119 

Government ownership of 4-6 

history of 2-6 

location of 1-2 

relations of baslnsand 40 

Mining, condition of 9-10 

cost of 146 

equipment for 146 

methods of 145-146 

Mining districts, area covered by 1-2 

descriptions of Passim 71-119 

llstof 1 

Mississippi River, valley of, description of . . 13- 

16,140 

valley of, map showing 14 

zinc and lead mines in, location of. 1 

map showing 1 

Monotrypa magna, occurrence of 21, 23 

rectimnralis. occurrence of 82 

Monotrypella quadrata. occurrence of 32 

Montfort district, description of 116 

mines of 11«>-117 

Montfort Mining Co., development by 116 

Mounds, locations and descriptions of 12-13 

view of 12 

Murchisonia gracilis, occurrence of 31, 32 

Mosalem Township, Iowa, galena in 73 

Murphy, J. W., experiments of, on gas 27 

Murrish, J., on occurrence of lead 121 

N. 

New Richmond sandstone, description of.. 18 

Niagara dolomite, analyses of 130 

description of 33-31 

fossils in 34 

ores in (56-67 

section of 34 

Niagum escarpment, description of 12-13 

Norlh-siuiths. .Sec Joints. 

Northwestern L,ead and Zinc Co., develop- 
ment by 78 

Northwestern mine, description of 78 

O. 

Oil rock, analysis of 26 

compressii»n of 40-41, 136 

description of '25-27 



Page. 

Oil rock, origin of 89 

reducing power of 185-136, 141 

relations of ores to 70, 144 

use of 27 

Oldenburg mine, description of 77-78 

Oneota limestone, correlations of 18 

description of 18 

Openings, descriptions of 64-57, 74 

views of ' 54 

Ordovlcian rt>cks. descriptions of 18-38 

occurrence of 16-88 

ores in 129-lal 

Ore deposit^, age of 70-71 

character of 46, 68 

composition of 46-58 

I concentration of 133-141 

j deposition of 138-136 

descriptions of 46-71 

I distribution of 66 

I localization of 133-141 

1 occurrence of, mode of 46, 58-66, 73-74 

I relationsof 66-70,141 

j secondary enrichment of 136-141 

Ores, alteration of 141 

' character of 78 

I descriptions of 48-68 

distribution of 127 

I genesis of 124-142 

pr6blem of, statement of 127-128 

study of, historical r6;um4 of 124-127 

summary of 142 

geological position of 127-128, 141-142 

' metals in, sources of 128-183 

occurrence of, mode of 128 

tenor of 146 

' Organic matter, local abundance of 184 

reducing powers of 134-186 

Orthis bellarugosa, occurrence of 22 

deflecta. occurrence of 21, 23 

pe<'tinella, occurrence of 29 

' plicatella, occurrence of 22, 24 

subaequata, occurrence of 21 , 22, 23, 24 

var. minneapolis, occurrence of 22,24 

lestudinaria, occurrence of 22, 29 

tricenaria, occurrence of 21, 23, 24, 29 

Orthoceras sociale, occurrence of 31 , 82 

sp., fK'Currence of 32 

I Owen, D. D., on genesis of ores 124 

! on Lower Magnesian limestone 119 

■ on value of ores 67 

surveys by 6 

i p. 

I*iiragenesis, discussion of 62-53 

Peneplain, age of 1.V16, 46 

' location and description of 13,46-^6 

relations of. figure showing 16 

Peneplanation, concentration of ores during 70-71 

I Penitentiary range, description of 98 

I Pentacrinus oblongus, occurrence of 34 

! Percival, J. G., on genesis of ores 124 

j on Lower Magnesian limestone 120 

I on mines 6 

' PervvmVuc, Av!**invX.V>\\<A "^ 
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Phyllopernia Riiblaxa, occurrence of 21 

Pigeon Creek, minefl on 117 

Pike, General, on mining 8 

Pitchen, definition of 63 

description of 63-64, H3 

orea of 64-66 

origin of 64 

relations of nag and 44 

section showing 63 i 

Pits, test, use of 144 

Platteville, Wis., mining at 9-10 

oil rock near 39 

section near 22-28 

Platteville district, description of 93 

map of 92 

mines of 93-98 

Platteville limestone, analysis of 21 

fossils of 21 

occurrence and description of 19-24 

ores in 47.67,127 

relations of 24 

section of, figure showing 22 

sectionsof 20.22-24 

views of 22 

Plectambonites saxea. occurrence of 32 

sericea, occurrence of 22 

sp., occurrence of 29 

Plectorthia whitfleldi, occurrence of 32 

Pleurotomaria depauperata, occurrence of. 32, 33 

subconis, occurrence of 24 

Plumb, A. M., on mill concentration 147 

Potoed. Wis., fault near, figure showing 118 

Potosi district, description of 118 

map of 118 

mines in 10,118-119 

Potsdam formation, occurrence and de- 
scription of 17-18 

Prairie du Chien formation, occurrence and 

description of 18-19 ! 

oresin 48,68,119-123,127 i 

Production, estimates of 8-9 

Prospecting, guides for 71, 142-144 

methods of 144-145 

Pterotheria altemata, occurrence of 21 

rectangularly, occurrence of 21 

Pyrite, occurrence and description of 49 



Quaternary deposits, descriptions of :^4-35 

Queen mine, description of 81 

R. 

Rafinesqulna altemata, occurrence of. . . 22, 23, 29 i 

minnesotensis, occurrence of 21,23 

Railroads, access by 2 

Raisbcck mine, description of 91 

Range, definition of M 

Rcceptaculltes owcni, occiirrenc'c of 28. 28, 29 

Red Dog mine, description of 117-118 

Relief, description of 11-12 

Rewey, mining at 10 

Rhinidicthya pediculata, occurrent-e of 21 

Rh^^nchotrema capax, occurrence of :*2 

tnlnneaotenaiii, occurrence of 'iV.'lS 

neenah, occurrence of ^^ 

perJameUoHH , rvciirrence of 'Vl 
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Rickardsville, Iowa, lead ores near 73 

Roasting, use of 147 

Roberts mine, description of 10&-106 

flats and pitches in, section showing. . . 63 

plan and section of, figure showing 106 

Robertson and Winslow. See WInslow and 

Robertson. 
Rockdale, Iowa. Galena dolomite at, view 

of 24 

Rocks, descriptions of 17-35 

section giving 17 

Rocks, pre-Cambrian, description of 17 

Rowley mine, d^wriptlon of 84 

figure showing 84 

Royal Mining Co., development by 78 

Royalties, amount of 146 

S. 

Sag, figure showing 68 

relation of crevices to 44 

Sageville, Iowa, rock from, analyses of 130 

St. Croix beds, correlation of 17-18 

St. Peter sandstone, occurrence and descrip- 
tion of 19 

ores i n 67-68 

Sallie Waters mine, notes on M8-89 

Salpingostoma buelli, o<*currence of 21 

Sand Prairie district, description of 78-« 

Sardeson,F.W., on Maquoketa shale 33 

Schoolcraft, H. R., on mining 2-1 

Scope of paper 10-11 

Sea water, deposition from 182 

lead and jdnc In 181-132 

Secondary enrichment, processes of 185-141 

Sedimentary processes, concentration by. 132-18S 
Sedimentation, basins of , description of. 88-40,45 

Selenite, occurrence and description of 51-52 

Shakopee dolomite, description of 18 

Sheet mineral, description of 48 

Sherrill Mound, Iowa, lead ore uear 78 

rock from, analysis of 130 

Shullsburg, W'is., mines at 10 

monocline near, map ghowing 86 

Shullsburg district, description of 92 

mines of 92-93 

Silurian rocks, description of 38-84 

occurrence of l&-17,33-84 

Sissinaway mines, mention of 8 

Skene mine, description of 80-81 

Smelters, list of 148 

Smithsonlte, description of 50, 62-58 

mines of Passim 78-119 

occurrence of 50 

relation of, to water table 69,141 

sale of 148 

Snowball mine, description of 113 

Spatiopora iowensi.M, occurrence of 81 

Spechts ferry, section at 22 

Sphalerite, description and (Mrcurrence of.. 4M9 

Sprangle, definition of 61 

Stacy mine, description of 78 

Stewart's cave, description of 64-56 

location of, map showing 64 

Svm\\«t%.\>Yv'^- ,dQ»(^.ription of 17-85 

Te\«X\oTv«. oV. vit«& w\^ 0^.41 
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Strawberry Blonde mine, notes on 88 

Strawberry jack, description and occur- 
rence of 49, 100 

Streptelasma comiculum, ot^currence of 23 

prof undtim, occurrence of 21, 24 

Strictoporella angularis, occurrence of 21 

frondifera, occurrence of 21,22 

Strong, Moses, on mining 9, 121 

section by 67 

woric of 6 

Strophomena fliitaxta, occurrence of 22 

incurvata, occurrence of 21, 22, 29 

Structural basins. See Basins. 

Structure, geologic, features of 35-45 

age of 45 

Sulphate cycle, description of 136-137 

Sulphide cycle, description of 137 

Sulphur ores, description of 50, 53 

occurrence of 50 

Sunrise mine, description of 1C3 

Sunset mine, description of . ^ 103 



Table Mound Township, Iowa, galena in .. 73 
Terrace deposits, occurrence and descrip- 
tion of 35, 46 

view of 12 

Test pitting, description of 144 

Thaleops ovatus, occurrence of 21, 23 

Timbering, needlessncss of 145 

Tippecanoe mine, description of 97-98 

section at 97 

Todd, J. E., on scour 35 

Topography, description of 11-16 

maps showing 58, 80, 82, 92, 98, 104, 114, 118 

relations of ores and 69, 144 

view showing 12 

Torbanite, resemblance of Galena oil rock 

to 27 

Tramming, description of 145 

Trego mine (Meekers Grove district), de- 
scription of 90-91 

map of 90 

Trego mine (Platteville district), descrip- 
tion of 97 

Trego mine (I^otoai district) , location of 118 

map showing 118 

Trenton limestone, analysis of 130 

correlation of 19-20 

Tripoli mine, description of 107-108 

Tyrer mine, description of 113 

U. 

ririch, E. O., fossils determined by 21,29,32 

on stratigraphy 24 

work of 11, 17 

Unconformities, occurrence of 19, 24, 33, 38 

Upland plain, description of 13 

geology of 13 



V. 



Page. 



I Valleys, descriptions of 18,15 

I Van Hise, C. R., concentration by 139 

on genesis of ores 126 

on paragenesis 52 

j Vanuxemia moto, occurrence of 29 

j Veins, materials of 4&-47 

I Vinegar Hill mine, description of 77 

I Vista Grande mine, description of 81 



W. 



Wad, occurrence and description of 50 

Warren, III., lead ores at 76 

Water table, relations of ores to 6»-70, 144 

Waters, descending, concentration by 138-141 

Waters mine, description of 76 

Welaer <& Cring mine, description of 77 

Weems, J. B., analysis by 130 

West Dubuque, mines at 74 

White, David, on Galena oil rock 2&-27,136 

Whitney, J. D., on Galena dolomite 47 

on gash veins 53, 59 

on genesis of ores 124-126 

on local abundance of organic matter. . 134 

on Lower Magnesian limestone 120-121 

on mines 5 

Whittlesey, C, on Levens Cave 56 

Williams Brothers, development by Ill 

Williams mine, description of Ill 

map showing 112 

Willow River dolomite. See Shakopee dolo- 
mite. 

Wilson, James, on ores and topography 60 

WMnslow, Arthur, on genisis of ores 126 

Winslow Arthur, and Robertson, J. D., on 

mines 6 

Wisconsin, mines in 1, 81-119 

leasing of 4 

Wishon mine, description of 80 



I Zinc, mines of 5-6, 71, passim 73-119 

I occurrence of, mode of 46 

price of 9, 148 

production of 9, 72 

prospecting for 143 

source of 129-132 

Zinc and lead mines, area covered by 1-2 

area covered by, map showing Pocket 

location of 1-2 

Zinc blende. See Blende. 

Zinc carlwnate. See Smithsonite. 

Zinc mines, descriptions of. 5-6, 71, passim 73-119 

history of 5-6 

lo<>ation of 71 

Zinc ores, milling of 146-148 

Zinc sulphide. See Blende. 

Zittelella typical is, occurrence of 21, 23 

Zygospira nicolleti, occurrence of 21, 23 
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